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SECTION  I 


GENERAL  INTRODUCTION 

This  program  is  one  phase  of  a  multi-faceted  project  oriented  toward 
developing  the  technology  for  improving  the  bird  impact  resistance  of 
aircraft  transparencies.  The  objective  of  this  particular  effort  was 
to  demonstrate  the  technology  in  the  form  of  F-lll  windshields  and 
canopies  capable  of  resisting,  without  penetration  or  catastrophic 
failure,  the  impact  of  a  4  lb  bird  up  to  a  speed  of  Mach  1.2  but  not 
less  than  500  knots  indicated  aircraft  speed.  In  addition  to  the  impact 
resistance,  these  designs  were  to  interface  with  the  existing  aircraft 
and  deviate  as  little  as  possible  from  the  weight,  structural  reliability 
or  optical  characteristics  of  current  production  designs. 

The  specific  windshield  and  canopy  designs  to  meet  the  contract  require¬ 
ments  evolved  in  a  sequential  four-task  effort. 

1.  TASK  I 

This  basic  material  and  design  evaluation  included  a  data  search, 
laboratory  materials  capability  study,  preliminary  design  testing 
and  edgemember  design  development. 

2.  TASK  II 

In  Task  II,  full-size  windshields  and  canopies  were  fabricated  and 
tested  in  order  to  establish  specific  designs  to  meet  the  contract 
requirements. 

3.  TASK  III 

Eighteen  prototype  windshields  and  six  prototype  canopies  of  approved 
construction  were  produced  and  delivered  for  Air  Force  evaluation. 

A.  TASK  IV 

The  final  activity  has  included  preparation  and  submission  of  this 
report  plus  drawings  and  a  fabrication  specification  required  to 
document  the  final  configuration. 

Because  each  of  the  tasks  was  a  discrete  portion  of  the  contract,  this 
report  will  be  divided  into  three  primary  sections  presenting  the  infor¬ 
mation  relative  to  each  task.  Since  Task  IV  items  will  be  submitted  as 
separate  documents,  Task  IV  will  not  be  Included  in  this  Final  Technical 
Report. 
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SECTION  II 


TASK  I 


INTRODUCTION 


The  purpose  of  Task  I  was  to  obtain  sufficient  supporting  data  for  use 
In  recommending  specific  full-size  test  panel  configurations.  This 
was  achieved  primarily  by  testing  in  the  areas  critical  to  performance 
of  the  transparencies;  namely,  material  properties,  impact  resistance, 
edge  attachment  design  and  thermal/pressure  effects. 

A  portion  of  the  materials  capability  study  was  carried  out  as  part  of 
PPG's  in-house  programs  prior  to  award  of  this  contract.  Where  appli¬ 
cable  for  drawing  conclusions,  this  data  has  been  included  with  new 
information  generated  under  Task  I. 


Each  of  the  four  areas  of  study  will  be  discussed  as  a  separate  section. 
The  general  conclusions  and  recommendations  which  were  made  for  Task  II 
have  been  included  in  the  section  on  Impact  Resistance. 


MATERIAL  EVALUATION 


To  fulfill  the  stringent  performance  requirements  of  this  contract,  an 
interlayer  material  was  required  having  good  elevated  temperature  sta¬ 
bility,  low  temperature  ductility,  and  adequate  physical  properties 
through  the  temperature  range  of  -65°F  to  300°F. 

Interlayers  evaluated  under  this  contract  were  chosen  for  their  commercial 
availability  and  compatibility  in  composites  containing  glass,  acrylics, 
and  polycarbonates. 

The  Interlayers  tested  under  this  contract  were  as  follows: 

1.  3GH  Aircraft  Vinyl  -  Polyvinyl  butyral  interlayer  plasticized 
with  21  parts  of  triethylene  glycol  di-2-ethyl  butyrate. 

2.  Monsanto  Ethylene  Terpolymer  -  Classified  as  a  thermoplastic 
adhesive  for  bonding  glass  to  polycarbonate,  and  for  this  report 
is  classified  as  Ethylene  Terpolymer  or  ETA.  Material  Used  was 
adhesive  138200,  Batch  Number  148567. 

3.  PPG  112  Interlayer  -  This  interlayer  was  developed  by  PPG 
INDUSTRIES,  Inc.,  and  is  a  thermoplastic  urethane  sheet  material 
developed  for  use  in  glass,  acrylic  and  polycarbonate  laminates. 

The  plasticizers  in  3GH  Aircraft  Vinyl  attack  polycarbonate,  and  there¬ 
fore,  this  interlayer  cannot  be  used  directly  against  polycarbonate. 
Although  methods  are  available  to  provide  a  barrier  against  plasticizer 
attack,  such  techniques  were  not  evaluated  for  this  contract  due  to  the 
poor  elevated  temperature  and  low  temperature  ductility  characteristics 
of  this  interlayer.  However,  because  3GH  Aircraft  Vinyl  has  consider¬ 
able  flight  history,  it  was  used  as  a  "yardstick"  during  comparative 
physical  evaluations  of  the  112  and  Ethylene  Terpolymer  interlayers. 

An  experimental  interlayer  which  was  also  evaluated  was  TCP  Vinyl.  This 
was  a  polyvinyl  butyral  interlayer  plasticized  with  tricresyl  phosphate 
which  does  not  attack  PC. 

Interlayer  material  properties  obtained  under  this  contract  Include  the 
following : 

1.  Light  Transmittance  and  Haze  of  112,  Ethylene  Terpolymer  and 
3GH  Vinyl. 

2.  Thermal  Conductivity  of  112. 

3.  Thermal  Expansion  of  112. 


4.  Specific  Heat  of  112. 


5.  Compressive  Shear  Strength  of  112,  Monsanto  Ethylene 
Terpolymer,  and  3GH  Aircraft  Vinyl. 

In  an  effort  to  fully  evaluate  and  draw  specific  conclusions  on  inter¬ 
layer  performance,  additional  material  properties  not  obtained  under 
this  contract  are  included  in  this  report. 

These  properties  were  obtained  under  a  separate  PPG-financed  Research 
Program  and  are  listed  below: 

1.  Hardness 

2.  Thermal  Stability 

3.  Tensile  Strength 

4.  Elongation 

5.  Tear  Strength 

6.  Stress-Strain  Data 

7.  Peel  Adhesion  Data 

a.  Properties 

(1)  Transmittance  and  Haze 

Transmittance  and  haze  data  obtained  on  the  above  three  inter¬ 
layers  are  summarized  as  follows: 


Material 


%  Transmittance 
Loss  per  .100" 
Interlayer  Thickness 
(Illuminant  "C") 


%  Haze 

Gain  per  .100" 
Interlayer  Thickness 


3GH  Aircraft  Vinyl 
Ethylene  Terpolymer 
112  (Task  II  Samples) 
112  (Task  III  Samples) 


1.5 

6.0  -  6.5 
3.28 

2.1  -  2.4 


0.5 

6.0  -  7.0 
0.58 

0.7  -  0.8 


This  data  was  obtained  by  fabricating  glass-inter layer-glass  laminates, 
varying  the  thickness  of  the  interlayer  between  .030"  and  .250",  keep¬ 
ing  the  glass  thickness  at  .110".  The  data  depicts  the  superior  trans¬ 
mittance  and  haze  properties  of  Vinyl  compared  with  112  and  Ethylene 
Terpolymer.  The  Ethylene  Terpolymer  had  a  very  high  transmittance  loss 
and  haze  gain  compared  with  3GH  Vinyl  and  112;  and  this  would  restrict 
this  interlayer's  use  to  minimal  thicknesses  in  composite  designs. 


(2)  Density 


Density  Data  on  these  interlayers  are  as  follows: 


Material 


3GH  Vinyl  2 

Ethylene  Terpolymer 
112 


Density  (lbs/ft  ) 

68.1 

62.3 

72.2 


(3)  Thermal  Conductivity 


Thermal  conductivity  tests  were  conducted  on  112  interlayer 
at  75°F  via  a  Dynatech  Model  TCHM-F4  Thermal  Conductivity 
Instrument.  The  results  of  these  tests  indicate  an  average 
conductivity  of  2.00  BTU  -  in/f t  /hr/6F.  As  a  comparison, 
Mil  Handbook-17  indicates  that  3GH  Vinyl  has  a  conductivity 
of  1.48  BTU  -  in/f t  /hr/°F  at  75°F. 


(4)  Thermal  Expansion 

Thermal  expansion  tests  were  conducted  on  112  Interlayer  at 
test  temperatures  ranging  from  -65°C  to  110°C.  The  tests 
were  conducted  on  a  DuPont  900  Thermal  Analyzer  with  the 
following  results: 


Test  Temperature 

CO  - 

-65 

0 

+85 

+110 

Similar  Data  on  3GH  Vinyl  and 
available. 


Thermal  Expansion 
(in/in/°C) 

9.8  x  10-5 
2.0  x  10-4 

3.9  x  10-4 
4.2  x  10-4 

Ethylene  Terpolymer  were  not 


(5)  Specific  Heat 

The  specific  heat  of  112  interlayer  was  determined  at  test 
temperatures  ranging  from  -45°C  to  117°C  and  is  indicated 
as  follows: 


Richard  S.  Hassard,  Plastics  for  Aerospace  Vehicles,  Part  II,  Trans- 
parent  Glazing  Materials,  p.  5-1,  Mil  Handbook-17A,  Part  II  (Proposed 
Revision),  Jan.  1 y/3. 

> 

Data  obtained  from  Monsanto  Research  Corporation. 
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-54 

.244 

-32 

.323 

0 

.364 

+30 

.344 

+80 

.342 

+117 

.443 

(6)  Index  of  Refraction 

The  index  of  refraction  of  these  interlayers  is  as  follows: 
_ Material _  Index  of  Refraction 


3GH  Vinyl3  1.483 

Ethylene  Ter polymer^  1.480 

112  1.497 

(7)  Hardness 

Durometer  measurements  were  taken  on  112,  3GH  Vinyl  and 
Ethylene  Terpolymer  from  08F  to  140°F.  As  shown  in  Figure  1, 

the  hardness  (Durometer  Shore  D)  of  112  is  less  than  3GH 
Vinyl  and  greater  than  Ethylene  Terpolymer  at  all  tempera¬ 
tures.  It  is  Important  to  note  that  above  room  temperature, 
the  hardness  of  Ethylene  Terpolymer  was  very  poor  and  at 
140°F,  its  hardness  is  almost  zero. 

This  data  indicates  that  the  current  Ethylene  Terpolymer  formu 
lation  was  very  soft  at  temperatures  of  140°F  and  above  and 
would  not  be  a  good  interlayer  in  composites  requiring  high 
interlayer  temperatures. 

(8)  Thermal  Stability 

Thermal  stability  tests  were  conducted  on  112  laminates  at 
temperatures  of  250#F  and  300#F.  These  12"  x  12"  laminates 
consisted  of  .125"  thermally  tempered  glass  -  .090"  112  - 
.125"  thermally  tempered  glass.  Three  samples  of  each 
composite  were  continuously  exposed  to  the  above  temperatures 
until  the  first  indication  of  bubbles  was  seen.  At  250*F, 
no  bubbles  were  apparent  after  100  hours  exposure.  At  300#F, 
bubbles  were  initiated  between  48  and  52  hours  exposure.  As 
a  comparison,  Mil-Handbook-17  indicates  that  3GH  Vinyl  will 


3Richard  S.  Hassard,  Plastics  for  Aerospace  Vehicles,  Part  II,  Trans¬ 
parent  Glazing  Materials,  p.  5-1,  Mil-Handbook-17A,  Part  II  (Proposed 
Revision),  Jan.  1973. 
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FIGURE  I.  DUROMETER  (SHORE  D)  VERSUS 
TEMPERATURE  OF  3GH  VINYL, 112  8  ETA. 


produce  bubbles  between  3  and  4  hours  exposure  at  250°F. 

This  data  establishes  the  better  elevated  temperature 
stability  of  112  over  3GH  Vinyl. 

(9)  Tensile  Strength 

A  comparison  of  tensile  strengths  of  112,  Ethylene  Terpolymer 
and  3GH  Vinyl  is  shown  in  Figure  2  and  depicts  the  better 
tensile  strength  of  112  over  the  temperature  range  of  -65°F 
to  200°F.  The  tensile  strength  of  3GH  Vinyl  and  Ethylene 
Terpolymer  drops  off  considerably  at  temperatures  above 
120°F,  while  the  112  interlayer  has  a  tensile  strength  above 
500  psi  at  200°F.  This  excellent  strength  characteristic  at 
elevated  temperatures  is  beneficial  for  structural  Integrity 
when  a  composite  utilizing  this  interlayer  is  exposed  to  high 
temperature  regimes. 

(10)  Elongation 

The  maximum  elongation  at  failure  of  interlayer  materials  is 
an  indication  of  its  ability  to  deform  without  producing 
failure.  As  shown  in  Figure  3,  the  112  has  greater  elonga¬ 
tion  at  failure  when  compared  to  3GH  Vinyl  and  Ethylene 
Terpolymer  at  te3t  temperatures  from  -65°F  to  200°F.  Failures 
of  the  112  interlayer  could  not  be  attained  at  temperatures 
above  120°F  because  the  maximum  elongation  of  the  testing 
apparatus  is  limited  to  550%  with  an  environmental  chamber. 
This  data  indicates  that  better  impact  performance  at  low 
temperatures  (via  interlayer  deformation)  can  be  attained 
with  112  than  with  the  Ethylene  Terpolymer  or  3GH  Vinyl. 

(11)  Tear  Strength 

As  shown  in  Figure  4,  tear  strength  tests  on  112,  3GH  Vinyl 
and  Ethylene  Terpolymer  show  the  better  performance  of  112 
interlayer  over  Ethylene  Terpolymer  from  -65°F  to  180°F.  At 
temperatures  below  40° F,  the  tear  strength  of  3GH  Vinyl  is 
greater  than  112;  however,  above  40°F,  the  tear  strength  of 
112  is  considerably  better  than  3GH  Vinyl.  Tear  strength 
depicts  the  ability  of  an  interlayer  to  resist  cohesive 
failure  and  as  shown  by  the  data,  the  3GH  Vinyl  and  Ethylene 
Terpolymer  have  very  poor  tear  strength  above  40°F,  while 
112  interlayer  has  good  tear  strength  up  to  180°F. 
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FIGURE  4.  TEAR  STRENGTH  OF  INTERLAYER  MATERIALS 


(12)  Stress-Strain  Data 

A  comparison  of  the  stress-strain  curves  of  112  and  3GH  Vinyl 
interlayers  at  temperatures  from  -30°F  to  70°F  is  shown  in 
Figure  5.  These  tests  were  conducted  with  a  1200%  elongation 
tape  extensometer  and  depict  the  better  ductility  of  112  over 
3GH  Vinyl.  Stress-strain  data  on  Ethylene  Terpolymer  could 
not  be  made  due  to  an  insufficient  supply  of  this  material. 

Individual  stress-strain  curves  of  112  at  temperatures  vary¬ 
ing  from  -30°F  to  150°F  are  shown  in  Figure  6. 

(13)  Compressive  Shear  Tests 

The  compressive  shear  properties  of  Monsanto  Ethylene  Terpoly- 
mer  (ETA)  and  112  were  determined  when  laminated  to  poly¬ 
carbonate,  as-cast  acrylic,  and  chemically  tempered  glass. 

In  addition,  the  compressive  shear  strength  of  3GH  Viny]  was 
determined  when  laminated  to  as-cast  acrylic  and  chemically 
tempered  glass.  Because  the  plasticizers  in  3GH  Vinyl  attack 
polycarbonate,  the  shear  strength  of  Vinyl  to  polycarbonate 
was  not  measured. 

The  tests  were  conducted  in  the  temperature  range  of  -65#F 
to  250°F,  and  as  shown  in  Figure  7,  the  test  samples  had  a 
.50"  offset  with  a  1  square  inch  shear  area.  The  thickness 
of  the  interlayer  and  adhesive  used  in  these  tests  was  .090" 
with  the  acrylic  and  polycarbonate  thickness  being  .250"  and 
the  glass  thickness  being  .110".  The  samples  were  soaked  20 
minutes  at  each  temperature  prior  to  testing  and  were  loaded 
at  a  cross-head  speed  of  .20" /minute.  The  test  data  obtained 
represents  an  average  of  five  tests  per  substrate  per  each 
temperature  tested. 

The  shear  properties  of  Ethylene  Terpolymer,  112  and  3GH 
Vinyl  to  chemically  tempered  glass  are  shown  in  Figure  8. 
Exact  shear  strength  was  difficult  to  attain  at  all  test 
temperatures  due  to  glass  breakage  caused  by  poor  edges. 
However,  the  data  does  depict  the  excellent  shear  properties 
of  PPG  112  at  temperatures  from  75°F  to  250°F,  while  the 
shear  properties  of  Ethylene  Terpolymer  and  3GH  Vinyl  are 
below  175  psi  at  a  test  temperature  of  150°F.  The  failure 
mode  is  important  in  these  tests  in  that  a  cohesive  failure 
indicates  that  the  bond  to  the  substrate  is  greater  than  the 
shear  strength  of  the  interlayer  or  adhesive.  Conversely,  an 
adhesive  failure  indicates  that  the  bond  to  the  substrate  is 
weaker  than  the  shear  strength  of  the  interlayer  or  adhesive. 
It  is  interesting  to  note  that  the  failure  mode  of  the 
Ethylene  Terpolymer  was  mostly  cohesive  and  that  of  3GH  Vinyl 
mostly  adhesive  at  all  test  temperatures. 
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FIGURE  8.  COMPRESSIVE  SHEAR  STRENGTH  OF  3GH  VINYL,  ETA, 

AND  112  INTERLAYERS  TO  CHEMICALLY  TEMPERED  GLASS 


The  compressive  shear  strength  of  112  and  Ethylene  Terpoly- 
mer  to  polycarbonate  is  depicted  in  Figure  9.  As  indicated 
by  the  data,  the  ETA  has  poor  shear  strength  at  a  tempera¬ 
ture  of  150°F  while  the  112  has  a  shear  strength  of  150  psi 
at  250°F.  It  is  worthy  to  note  that  at  test  temperatures 
below  120°F,  the  Ethylene  Terpolymer  failed  adhesively  and 
at  120°F  and  above,  cohesive  failures  were  obtained.  This 
data  depicts  the  poor  shear  properties  of  Ethylene  Terpoly¬ 
mer  at  test  temperatures  above  120°F.  The  failure  mode  of 
112  to  polycarbonate  indicates  that  at  test  temperatures 
above  120°F,  the  shear  strength  is  higher  than  the  adhesive 
strength.  At  120°F  and  below,  adhesive  and  cohesive  fail¬ 
ures  were  obtained,  indicating  that  the  adhesion  and  shear 
strength  of  112  to  polycarbonate  were  comparable. 

The  adhesion  of  Ethylene  Terpolymer  to  as-cast  acrylic  is 
very  poor.  However,  with  the  addition  of  N-l  cement,  a 
PFG-developed  adhesive  for  improving  the  adhesion  of  inter¬ 
layers  to  acrylic  surfaces,  the  adhesion  can  be  greatly 
improved.  Figure  10  indicates  the  shear  properties  of  112, 
ETA  and  3GH  Vinyl  to  as-cast  acrylic.  Ae  experienced  with 
the  glass  samples,  exact  shear  strength  could  not  be  obtained 
at  all  test  temperatures  due  to  catastrophic  acrylic  failure. 
The  data  indicates  the  better  shear  strength  of  3GH  Vinyl  at 
temperatures  of  150°F  and  below.  However,  the  failure  mode 
of  112  to  acrylic  is  completely  adhesive  at  all  test  tempera¬ 
tures.  This  data  implies  that  if  better  112-to-acrylic 
adhesion  could  be  obtained,  higher  loads  to  failure  could  be 
realized.  The  Ethylene  Terpolymer  shear  strength  in  this 
test  was  once  again  very  poor  at  test  temperatures  above 
120°F. 

(14)  Peel  Adhesion  Tests 

NASA  Peel  Adhesion  Tests'*  were  conducted  on  Ethylene  Ter¬ 
polymer  laminated  to  polycarbonate  and  as-cast  acrylic 
substrates  and  112  laminated  to  glass,  gold  radar  reflective 
coated  and  uncoated  polycarbonate  and  acrylic  substrates. 

This  test  is  one  measure  of  delamination  resistance  and 
basically  consists  of  mechanically  peeling  a  1"  wide  strip 
of  interlayer  from  9"  of  substrate  at  an  angle  of  90°. 

The  test  samples  were  prepared  by  placing  wire  screen 
(60  x  60  mesh)  between  two  .030"  plies  of  interlayer,  then 
laminating  the  interlayer  to  the  plastic  substrates.  The 
wire  mesh  was  used  to  give  structural  integrity  to  the  inter¬ 
layer,  eliminating  premature  failures  caused  by  the  inter¬ 
layer  tearing  or  failing  in  tension. 

^NASA  Technical  Brief  65-10173,  "Peel  Resistance  of  Adhesive  Bonds 
Accurately  Measured". 
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fa)  To  Polycarbonate 


The  adhesion  of  Ethylene  Terpolymer  and  112  to  poly¬ 
carbonate  at  0°,  75°,  and  150°F  with  and  without  a 
175  hour  weatherometer  exposure  is  depicted  in  Figure 
11.  The  weatherometer  samples  had  the  polycarbonate 
surface  exposed  to  the  weatherometer  conditions  (120°F, 
90-100%  R.H.  and  constant  ultraviolet),  while  the  edges 
and  interlayer  surfaces  were  protected  with  aluminum 
tape.  As  shown  by  the  data,  the  112  interlayer  could 
not  be  peeled  from  the  polycarbonate  surface  with  and 
without  weatherometer  exposure  and  adhesion  results 
were  greater  than  160  lbs/in  width  at  all  test  tempera¬ 
tures.  These  were  the  maximum  loads  attained  due  to 
mesh  failure;  therefore,  the  peel  strength  at  these 
temperatures  is  greater  than  indicated. 

At  temperatures  of  75°  and  150°F,  the  Ethylene  Terpoly¬ 
mer  could  not  be  peeled  from  the  polycarbonate  with  and 
without  weatherometer  exposure,  resulting  in  failure 
loads  greater  than  140  lbs/in  width  at  75°  and  20  lbs/in 
width  at  150° F.  These  were  the  maximum  loads  attained 
due  to  a  failure  in  the  mesh  at  75°F,  and  a  tensile 
failure  of  the  Ethylene  Terpolymer  at  150°F.  Therefore, 
in  Figure  11,  the  peel  strength  at  these  temperatures 
is  greater  than  indicated. 

The  adhesion  strength  of  Ethylene  Terpolymer  and  112  to 
polycarbonate  is  considered  excellent  and  gives  an  indi¬ 
cation  of  the  good  delamination  resistance  of  these 
interlayers  to  this  substrate. 

fb)  To  As-Cast  Acrylic  (Plex  II) 

NASA  peel  tests  were  also  conducted  on  112  and  Ethylene 
Terpolymer  laminated  to  as-cast  acrylic.  These  tests 
were  conducted  using  the  same  sample  construction  and 
testing  technique  as  previously  mentioned.  As  shown  in 
Figure  12,  the  adhesion  of  112  to  as-cast  acrylic  is 
greater  than  150  lbs/in  width  at  75°  and  150°F.  At 
these  test  temperatures,  the  interlayer  could  not  be 
peeled  from  the  acrylic,  resulting  in  mesh  failure.  At 
0°F,  the  adhesion  of  112  is  60  lbs/in  width. 

The  adhesion  of  Ethylene  Terpolymer  to  as-cast  acrylic 
was  initially  found  to  be  very  poor,  resulting  in 
delamination  Immediately  after  the  samples  were  lami¬ 
nated.  However,  with  the  use  of  N-l  cement  applied  to 
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the  acrylic,  the  adhesion  was  increased  substantially. 
With  <"he  use  of  this  adhesive,  the  interlayer  could  not 
be  peeled  from  the  acrylic  substrate  at  all  three  test 
temperatures.  At  0°F  and  75°F,  the  adhesion  was  greater 
than  150  lbs/in  width,  and  at  150°F,  the  adhesion  was 
greater  than  35  lbs/in  width. 

This  excellent  adhesion  strength  depicts  the  good  delami¬ 
nation  resistance  of  112  to  as-cast  acrylic  and  Ethylene 
Terpolymer  to  as-cast  acrylic  with  the  application  of  an 
adhesive. 

(c)  To  Chemically  Strengthened  Glass 

The  adhesion  of  112  to  chemically  strengthened  glass  was 
established  by  contractor-conducted  testing  prior  to  this 
contract  and  found  to  be  greater  than  200  lbs/in  width 
when  tested  at  75°F. 

(d)  To  RCS-Gold-Coated  Polycarbonate  and  Acrylic 

Adhesion  measurements  were  made  on  112  laminated  to 
.250"  polycarbonate  and  Plex  II  acrylic  substrates 
coated  with  15  ohms /square  radar  reflective  coating. 

These  tests  were  conducted  at  75°F  with  the  data  indi¬ 
cating  a  peel  strength  of  5  lb/in  width  to  polycarbonate 
and  approximately  1  lb/in  width  to  the  Plex  II  acrylic. 
The  failure  modes  were  important  in  these  tests  in  that 
the  interlayer  failed  adhesively  to  the  radar  coating 
on  the  polycarbonate  substrates  while  the  coating  failed 
adhesively  to  the  acrylic  substrate. 

The  data  indicates  that  the  adhesion  of  the  radar  coat¬ 
ing  to  acrylic  is  very  poor  and  that  the  adhesion  of  the 
112  to  this  coating  is  also  poor.  Since  the  samples 
having  the  coating  applied  to  the  polycarbonate  did  not 
fail  at  the  polycarbonate  coating  interface,  adhesion 
of  the  film  to  this  substrate  is  greater  than  5  lb/in 
width. 

Due  to  the  relatively  poor  adhesion  of  the  112  inter¬ 
layer  to  the  gold  film,  techniques  to  control  the 
initiation  of  delamination  are  required  in  composites 
containing  112  and  gold  coated  polycarbonate  and  these 
were  incorporated  in  prototype  windshield  designs. 


b .  Summary 


Due  to  the  elastomeric  characteristics  of  interlayer  materials  a 
range  in  strength  data  was  obtained.  Specific  data  points  repre¬ 
sent  the  mean  of  all  tests,  and  at  some  test  temperatures  the 
maximum  and  minimum  strengths  of  these  interlayers  overlapped. 

Of  the  three  interlayers  evaluated,  PPG  112  had  the  best  tensile 
s  ren8j;h,  elongation,  and  ductility  at  test  temperatures  ranging 
rom  -65  F  to  +200  F.  This  interlayer  was  also  capable  of  with- 
Py°Jon8ed  exposure  at  250°F  and  approximately  50  hours 
at  300  F  without  producing  any  bubble  formation  or  other  undesir¬ 
able  optical  characteristics.  In  addition  to  these  superior 
properties,  the  compatibility,  adhesion  and  shear  strength  to 
polycarbonate,  Plex  II  acrylic,  and  glass  made  112  the  best  avail¬ 
able  candidate  to  fulfill  the  stringent  impact  and  temperature 
requirements  of  this  program. 


3.  EDGE  ATTACHMENT 


Edge  attachment  development  in  Task  I  was  handled  much  like  the  impact 
work  with  a  material  evaluation  phase,  followed  by  design  optimization 
effort  incorporating  the  most  promising  components.  In  Phase  I,  a  test 
program  was  conducted  to  determine  the  ability  of  various  edge  rein¬ 
forcement  adhesives  to  withstand  structural  loads  of  high  performance 
aircraft  windshield.  A  goal  of  870  pounds  per  lineal  inch  ultimate 
load  was  used  to  rate  edging  materials.  This  goal  was  selected  since 
it  is  the  ultimate  edge  load  requirement  for  the  F-lll,  assigned  as  the 
demonstration  model  for  this  program.  The  specimens  used  in  this  eval¬ 
uation  were  4.8  inches  wide,  thus  the  total  acceptable  load  for  each 
specimen  was  approximately  4200  pounds . 

Since  other  Task  I  work  indicated  that  the  structural  portion  of  the 
windshield  cross-sections  would  be  polycarbonate,  the  temperature  used 
for  the  edge  attachment  tests  was  critical.  For  low  temperature  test¬ 
ing,  -65°F  was  used  since  it  was  required  per  performance  specification. 
Concern  was  with  the  higher  temperature  ranges  because  of  the  reduction 
in  strength  and  stiffness  of  polycarbonate  at  elevated  temperatures. 
According  to  preliminary  thermal  testing  and  thermal  gradient  studies, 
(Section  4,  Initial  Thermal/Pressure  Testing),  soak  temperatures  of 
200°F  and  260°F  were  finally  used  for  the  edge  attachment  evaluation. 

Figures  13  and  14  show  the  different  cross-sections  evaluated,  config¬ 
uration  of  the  edge  attachment  cross-section,  and  the  geometry  of  the 
loading  details.  In  all  cases,  the  test  was  conducted  on  an  Instron 
machine  using  a  crosshead  speed  of  .05  inch  per  minute.  All  specimens 
were  tested  in  single  shear  to  represent  the  windshield  mounting  using 
a  retainer  and  bushings  to  prevent  overclamping  of  the  structural 
members.  The  basic  variable  in  this  evaluation  was  the  adhesive  used 
to  bond  the  edging  reinforcement  to  the  polycarbonate  plies.  The 
following  materials  available  for  this  program  at  the  time  of  the  Task 
I  materials  evaluation  phase,  were  considered  as  possible  candidates 
because  of  their  physical  properties  and  compatibility  with  potential 
substrates : 

Uralane  5739 

PPG  112  Interlayer 

Heat  Vulcanizing  (HV)  Silicone 

RTV  630  Silicone 

Table  I  gives  the  results  obtained  at  each  of  the  three  test  tempera¬ 
tures.  Due  to  the  nature  of  the  structural  material,  the  load  at  which 
yielding  was  first  observed  in  addition  to  the  ultimate  load  is  reported. 

The  results  showed  the  effect  of  test  temperature  on  the  load  carrying 
capability  of  the  edgemembers.  Bolt  hole  elongation  was  the  predomi¬ 
nant  failure.  The  RTV  630  and  the  Uralane  5739  materials  appeared  to 
be  the  best  candidates,  particularly  for  high  temperature  loading. 
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Load  limit  of  testing  machine  is  10,000  pounds  equivalent  to  2080  pounds/lineal  inch. 


Delamination  was  also  found  to  occur  at  the  elevated  temperatures  where 
there  was  excessive  yielding  and  bolt  hole  elongation.  This  was  par¬ 
ticularly  true  where  the  adhesive  elongated  which  then  allowed  a  greater 
amount  of  load  to  be  carried  by  the  polycarbonate  material  at  the  bolt 
hole.  Both  the  HV  silicone  and  the  112  interlayer  showed  this  behavior 
at  both  elevated  temperatures. 

Additional  reinforcement  to  the  interior  surfaces  of  the  structural 
polycarbonate  plies  was  considered  for  added  strength.  The  resulting 
specimens  had  four  strap  reinforcements,  one  bonded  to  each  side  of 
polycarbonate  rather  than  two  si -aps  plus  an  insert  as  in  Figures  13 
and  14.  The  tensile  test  results  for  those  samples  are  described  in 
Table  II.  The  last  specimen  listed  in  Table  II,  used  a  silicone  pre- 
preg  for  the  adhesive.  The  prepreg  became  available  during  the  program 
and  was  considered  because  of  its  viability  and  potential  processing 
improvements . 

In  all  the  preliminary  evaluations,  the  RTV  630  adhesive  bonded  satis¬ 
factorily  to  polycarbonate  substrates  with  bond  failure  exceeding  the 
yield  of  the  polycarbonate  substrates.  The  specimens  with  strap  rein¬ 
forcements  bonded  to  each  side  of  structural  polycarbonate  (Table  II) 
were  about  10%  higher  in  tensile  capability  than  with  the  insert  type 
reinforcement  (Table  I).  The  silicone  prepreg  appeared  promising  for 
bonding  application  since  bond  strength  was  comparable  and  the  appli¬ 
cation  technique  was  much  simpler  for  fabrication.  However,  with  this 
system  as  with  HV  silicone,  strap  adhesion  continued  to  be  a  problem 
throughout  Task  I. 

In  other  material  tests,  bond  strength  for  RTV  630  silicone  adhesive 
was  determined  on  specimens  illustrated  by  the  cross-section  in  Figure 
15.  For  this  test  the  requirement  was  350  psi  tensile  shear  bond 
strength  at  temperatures  from  -658F  to  220°F.  The  following  bond 
strengths  were  obtained: 

Test  at  RT  700  psi  (average  4  specimens) 

Test  at  220°F  575  psi  (average  2  specimens) 

Test  at  265°F  520  psi  (average  2  specimens) 

Test  at  RT  (after  6  hrs 

boiling  water  exposure)  715  psi  (average  1  specimen) 

The  peel  strength  of  the  RTV  630  to  a  polycarbonate  substrate  with 
SS-4120  primer  was  15  lbs  per  inch  width  resulting  in  adhesive  failure 
to  polycarbonate  subs  rate. 

Although  the  bonding  qualities  of  RTV  630  were  satisfactory,  the  hand¬ 
ling  qualities  were  very  poor  because  of  two-component  mixing,  paste 
application,  limited  pot  life,  etc.  Uralane  5739,  which  also  provided 
acceptable  bond,  was  also  difficult  to  handle  so  that  final  selection 
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FIGURE  15.  TENSILE  SHEAR  BOND  SPECIMEN 


was  made  for  other  reasons.  The  5739  being  a  rigid  system  increased 
the  chance  for  brittle  crack  propagation  during  bending  while  the  630 
did  not.  The  RTV  630,  then,  was  the  "lesser  of  evils"  and  efforts 
continued  to  find  a  system  with  acceptable  edge  strength  which  would 
be  easier  to  apply. 

The  following  conclusions  were  drawn  from  this  portion  of  the  study: 

1.  The  required  structural  performance  can  be  gained  from  the 
polycarbonate  structural  plies  using  impregnated  nylon  for 
bolt  hole  reinforcement  bonded  with  either  RTV  630  silicone 
or  Uralane  5739  adhesives.  Of  these  two,  RTV  630  is  prefer¬ 
able. 

2.  PPG  112  and  HV  silicone  were  not  acceptable  at  the  elevated 
temperature  loading  conditions. 

3.  An  outboard  retainer  for  the  windshield  mounting  was  recom¬ 
mended  to  enhance  clamping  to  the  frame  structure  without 
the  use  of  tapered  bushings. 

Inputs  from  the  material  evaluation  were  used  in  developing  edgememfcar 
designs  for  optimized  Task  I  bird  impact  panels.  Tensile  tests  were 
then  run  on  the  basic  cross-sections  to  facilitate  final  selection  of  a 
windshield  edge  attachment  system  for  Task  II  use.  Results  for  this 
second  phase  are  summarized  in  Table  III.  Data  for  similar  cross- 
sections  which  were  tested  in  the  preliminary  phase  have  been  Included 
in  the  Table  for  comparison. 

In  the  final  test  series,  the  full  four  plaBtic  ply  laminates  with  two 
extended  plies  and  aluminum  retainers  were  in  the  same  strength  range 
as  the  two-ply  laminates.  The  primary  difference  was  that  specimens 
with  the  additional  outer  and  inner  lamina  plies  did  not  exhibit  the 
PC  surface  crazing  as  experienced  on  the  two-ply  specimens. 

The  following  conclusions  were  derived  from  the  second  phase  tensile 
tests: 

1.  All  tensile  strength  values  including  yield  and  ultimate  values 
exceeded  the  objective  goal  of  870  pounds  per  lineal  Inch  at  all 
temperatures. 

2.  Ultimate  tensile  values,  in  general,  increased  with  added  reinforce¬ 
ment  pieces.  The  bonded  aluminum  retainer,  although  not  necessary 
as  an  edge  reinforcement  member,  did  perform  similarly  as  a  fabric 
reinforced  laminate. 
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3.  Yield  values  were  all  about  the  same  irrespective  of  added 
reinforcements . 

4.  Floating  facing  plies  do  not  add  significantly  to  the  tensile 
strength  of  the  overall  laminate. 

5.  RTV  630  silicone  bond  system  continued  to  be  satisfactory  for 
strength  and  bondability  to  all  substrates  including  PC,  epoxy- 
Nomex  laminate  and  aluminum. 

The  basic  edge  reinforcement  materials  for  the  canopy  were  proven  in  the 
windshield  program.  The  primary  question,  then,  was  the  tensile  edge 
strength  capability  of  the  two  .125"  PC  structural  ply  design  which  met 
the  bird  impact  requirement.  Tests  were  run  on  the  4.8"  tensile  samples 
and  the  results,  plus  data  from  Table  III,  were  as  shown  in  Table  IV: 

TABLE  IV  -  TENSILE  STRENGTH  OF  DOUBLE  PC  PLY  EDGEMEMBERS 

Goal  «*  870  lbs/lineal  inch 

200eF  260°F 

EXTENDED  EDGE  YIELD  ULTIMATE  YIELD  ULTIMATE 


125"  -  .125" 
(9031-3A)* 
.125"  -  .188" 
(9030-21)* 


YIELD 

ULTIMATE 

YIELD 

ULTIMATE 

1100 

1290 

790 

910 

1250 

1500 

1080 

1280 

*Indicates  similar  Task  I  bird  impact  panel, 
WT-36  and  WT-29  respectively  in  Appendix  1. 


See  data  sheets  for  shots 


One  can  see  that  the  .125"  -  .188"  combination  gave  comparable  strength 
at  260°F  to  the  .125"  -  .125"  plies  at  200°F.  However,  a  section  with 
two  .125"  plies  did  just  meet  the  870  lbs/ in  ultimate  tensile  load  re¬ 
quirement  selected  for  this  program  under  the  rigorous  260° F  soak  con¬ 
dition. 


4.  T1IEP-HAL /PRES SURE  CAPABILITY 


Bird  tests  had  established  the  performance  of  two  structural  poly- 
c  -bonate  ply  system  with  no  preference  for  the  outboard  facing  or 
floating  ply.  In  essence,  the  outboard  facing  ply  could  be  any 
material  (i.e.  -  glass,  acrylic,  thermosetting  plastic,  etc.)  since 
this  ply  added  nothing  to  the  impact  capability  of  the  construction. 
Hence,  it  became  apparent  that  tests  to  evaluate  effects  of  temperature 
and  pressure  would  be  useful  to  establish  the  outboard  facing  ply 
material. 

In  order  to  evaluate  potential  design  considerations,  the  most  severe 
tests  as  outlined  by  Addendum  1,  Endurance  Requirements  were  selected 
from  the  contract.  The  three  tests  considered  to  be  the  most  severe 
and  thus  the  best  criteria  for  evaluation  purposes  were: 

1.  Maximum  Burst  Pressure/Temperature  (18.8  psi,  383°F) 

2.  Maximum  Crush  Pressure  (13.2  psi  (avg.),  250°F) 

3.  Pressure  Cycling  (0  -  11.2  -  0  psi,  356°F) 

For  the  latter  two  tests,  the  temperature  of  the  outboard  surface  was 
to  be  controlled  at  a  constant  maximum  throughout  the  test  whereas  the 
temperature  for  the  initial  test  was  the  peak  value  achieved  for  the 
outboard  surface.  Figure  16  shows  the  actual  temperature  and  pressure 
response  required  by  this  test.  In  all  cases  the  inside  ambient  was 
controlled  at  75°F.  The  primary  objectives  for  conducting  these  tests 
were: 

1.  Establish  the  actual  maximum  temperatures  that  the  structural 
members  attain  especially  in  the  edge  reinforcement  region. 
These  temperatures  would  then  influence  the  outboard  material 
selection  and  the  upper  temperature  requirements  considered 
necessary  for  acceptable  edge  reinforcing. 

2.  Determine  the  overall  structural  and  optical  quality  when 
subjected  to  thermal  and  both  static  and  cyclic  temperature/ 
pressure  loads. 

Since  tests  of  full-scale  transparencies  were  neither  economical  nor 
necessary  and  an  actual  test  chamber  was  available,  15"  circular 
samples  were  selected  as  standard  specimens.  Figure  17  shows  a  view 
of  the  test  fixture  with  a  15"  circular  sample  mounted  in  place.  The 
sample  was  mounted  with  the  outboard  ply  exposed  to  the  electrical 
heating  elements,  and  the  inboard  ply  exposed  to  room  temperature.  A 
dial  gage  was  positioned  at  the  center  of  the  panel  contacting  the 
inboard  surface.  The  chamber  cavity  was  pressurized  and  heated  as  re¬ 
quired  for  the  given  test  conditions.  The  inboard  panel  surface  (top 
surface  opposite  the  heated  side  in  the  est  fixture)  was  cooled  by 
controlling  the  ambient  within  the  upper  enclosure  at  75°F.  This  was 
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TIME  (MINUTES) 


FIGURE  16.  MAXIMUM  BURST  PRESSURE  /  TEMPERATURE 
TEST  PROFILE. 


■uaia 


FIGURE  17.  THERMAL/PRESSURE  TEST  FIXTURE 


accomplished  by  introducing  vaporized  liquid  nitrogen  into  this  cavity. 
For  all  tests  utilizing  this  facility,  a  positive  inboard  (relative  to 
panel  design)  pressure  was  obtained  by  producing  a  vacuum  in  the  lower 
heated  chamber.  Using  the  two  750  watt  strip  heaters  and  insulation 
around  the  edges,  it  was  possible  to  reproduce  the  temperature  rise 
shown  in  Figure  16  and  obtain  ?60°F  in  six  minutes. 

a.  Test  Sample  Description 

Circular  Samples,  15”  in  diameter,  were  fabricated  per  the  conven¬ 
tional  two-ply  polycarbonate  design  with  various  oi’uboard  facing 
members.  The  different  combinations  utilized  in  this  bench  study 
are  shown  in  Figure  18.  As  shown  by  the  cross-sectional  view, 
samples  were  laminated  with  iron-constantan  thermocouples  embedded 
at  each  interface.  Thermocouples  were  aligned  at  the  sample  center 
and  at  a  radial  location  in  the  edge  section  as  shown  by  the  plane 
view  on  Figure  18.  The  actual  edge  of  the  sample  was  extended 
1  1/2"  all  around  to  obtain  a  support  surface  for  the  chamber  walls 
The  edge  thermocouples  were  located  within  the  edge  section  1/2" 
inside  of  the  chamber  wall  contact  area.  Thus,  both  the  edge  and 
the  center  of  the  specimen  were  exposed  to  the  various  test  con¬ 
ditions. 


b.  Initial  Thermal/Pressure  Testing 

After  some  preliminary  work  to  determine  the  equipment  capability 
and  sample  reaction,  the  test  scheme  in  Table  V  was  proposed.  The 
following  paragraphs  describe  this  preliminary  testing  and  discuss 
the  results. 

TABLE  V  -  15"  CIRCULAR  SAMPLE  TEST  SCHEME 


TEST  CODE 

PRESSURE  (PSI) 

MAXIMUM  OUTBOARD 
TEMPERATURE  (°F) 

TIME  (MINUTES) 

A 

11-12 

260 

15 

B 

11-12 

300 

10 

C 

11-12 

340 

10 

D-l 

11-12 

360 

10 

D-2 

11-12 

360 

20 

D-3 

11-12 

360 

30 

Tests  were 

conducted  on  Sample  No.  1  (Table  VI)  to 

establish  the 

thermal  capability  of  the  test  arrangement.  Of  primary  concern 
were  the  heating  rate,  control  and  temperature  uniformity  across 
the  surface.  The  initial  attempts  consisted  of  duplicating  the 
temperature  response  of  the  outboard  ply  surface  as  defined  by 
Figure  16. 


FIGURE  18.  DESIGN  CONFIGURATIONS  TESTED  IN 
THERMAL  /  PRESSURE  FACILITY 


In  the  initial  test,  only  one  750  watt  heater  was  used.  It  required 
21  minutes  to  bring  the  acrylic  surface  (exposed  to  heating  element) 
to  260°F.  Because  of  control  problems,  this  temperature  level  was 
exceeded  and  the  fifteen  minute  hold  was  actually  maintained  at 
285°F.  Due  to  the  slow  rate  of  heating  and  the  control  problems, 
further  extension  of  the  test  schedule  was  discontinued.  Figure  19 
shows  the  temperature  distributions  achieved  at  the  end  of  the  285°F 
soak  for  this  specimen.  As  anticipated,  the  thermal  gradient 
through  the  transparent  central  region  approached  linearity.  The 
thermal  conductivity  of  the  transparent  materials  of  this  design  do 
not  differ  much,  so  a  linear  gradient  is  reasonable.  Conversely, 
the  insulation  character  of  the  edge  reinforcement  caused  signifi¬ 
cant  differences  in  the  thermal  gradient  through  this  edge  section. 
The  maximum  temperature  of  235°F  on  the  outboard  strap  indicates 
some  degree  of  heating  nonuniformity  associated  with  this  thermal 
system.  Some  of  this  nonuniformity  could  have  been  caused  by  the 
concentrated  heating  system  and  the  heat  loss  through  the  exposed 
edges . 

Based  on  the  average  temperature  achieved  for  this  test  and  the 
potential  insulation  gained  by  the  straps,  a  tentative  temperature 
of  200°F  was  proposed  as  the  upper  soak  limit  of  edge  reinforcement 
tensile  test  samples  (see  Section  II-3,  Table  I).  A  soak  limit 
goal  of  260°F  was  established  for  these  samples  to  provide  a  safety 
margin. 

A  second  test  using  specimen  No.  1  was  conducted  with  two  750  watt 
heaters  and  more  Insulation.  This  arrangement  achieved  the  260°F 
level  in  six  minutes,  but  control  problems  developed  causing  the 
test  to  be  discontinued. 

Improvements  were  made  in  the  control  system  and  tests  were  con¬ 
tinued  with  incorporation  of  pressure  loading.  Subsequent  samples 
were  tested  at  the  260°F  temperature  level  without  any  pressure  for 
fifteen  minutes.  If  no  effects  developed,  the  next  test  repeated 
the  260°F  outboard  temperature  with  9.2  psi  Internal  pressure. 
Subsequent  tests  repeated  t-his  portion  with  exposure  of  260°F  with 
and  without  pressure  followed  by  the  340°F  outboard  temperature 
for  five  minutes  with  or  without  12.5  psi  internal  pressure.  The 
initial  tests  on  Sample  Nos.  1  and  2  (acrylic-faced)  and  Nos.  4 
and  5  (glass-faced)  showed  that  the  performance  of  the  proposed 
designs  were  dependent  on  the  combined  loading  of  temperature  and 
pressure  with  little  or  no  effect  produced  by  temperature  without 
pressure.  Initially,  no  attempt  was  made  to  keep  the  cabin  tem¬ 
perature  at  75°F.  Hence,  the  first  five  tests  for  the  acrylic¬ 
faced  panels  and  the  first  three  tests  of  the  glass-faced  panels 
as  tabulated  in  Tab?  •»  VI  show  inboard  temperatures  of  135°F  or 
higher.  (The  100°F  for  the  inboard  temperature  test  A  of  panel  2 
is  believed  to  be  in  error.)  Cooling  the  cavity  of  the  inboard 
side  with  a  maintained  temperature  of  75°F  produced  inboard  ply 
temperatures  of  100°  to  110°F. 
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FIGURE  19.  TEMPERATURE  GRADIENT  IN  ACRYLIC-FACED 
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TABLE  VI  -  INITIAL  TEMPERATURE/PRESSURE  TEST  RESULTS 


F 


ON  15"  CIRCULAR  PANELS 


TEMPERATURE  CENTER 


SAMPLE 

TEST 

OUTBOARD 

INBOARD 

PRESSURE 

DEFLECTION 

NO. 

CODE 

(°F) 

<°F) 

.  (PSI) 

(INCHES) 

RESULTS 

ACRYLIC- 

-FACED  PANELS 

1 

A0*** 

285 

145 

0 

— 

No  effects 

C° 

460 

174 

0 

— 

Melted  acrylic 

2 

A8 

260 

143 

0 

.047 

No  effects 

A 

260 

100 

9.2 

.399 

Soma  I/L  bubbles, 
distorted 

C 

375 

135 

9.2 

.337 

Interlayer  bubbles 

C° 

380 

110** 

0 

.145 

No  effects 

C 

400 

110** 

12.5 

.415 

Deformed  acrylic 

GLASS-FACED  PANELS 

4 

A8 

270 

155 

0 

— 

Some  delamination 

A 

260 

150 

9.2 

.303 

Delam,  crystallized 
V-gell-inter layer 

C8 

395 

180 

0 

.237 

Dissolved  V-gell 
melted  interlayer 

C* 

340 

100** 

9.2 

.339 

I/L  bubbles,  delam 

5 

D 

355 

100** 

11.0 

.452 

I/L  bubbles,  delam 

*After  Test  No.  C°,  the  glass  face  and  outboard  Interlayer  were  removed 
and  the  Interlayer  replaced 

** Inboard  surface  cooled  by  maintaining  the  inside  cavity  at  75°F 

***Superscript  °  indicates  temperature  without  inboard  pressure 


Maintaining  the  outboard  surface  temperature  at  260°F  for  fifteen 
minutes  with  9.2  psi  internal  pressure  caused  severe  delamination 
of  the  glass  ply  and  the  formation  of  some  crystallized  particles 
in  the  outermost  interlayer.  (Some  of  this  delamination  was 
associated  with  an  oversight  in  the  panel  assembly.)  Similar  tests 
of  the  acrylic-faced  panel  produced  some  small  bubbles  in  the  outer¬ 
most  interlayer.  However,  some  degree  of  optics  degradation  was 
observed  after  this  test.  Subsequent  test  codes  C°  and  C  (Table 
VI)  at  higher  temperatures  caused  further  glass  delamination  and 
bubbling  of  the  outermost  interlayer  for  the  glass-faced  panels. 

It  was  apparent  at  this  point  that  the  design  of  the  glass-faced 
panels  was  susceptible  to  delamination  since  the  glass  was  not  held 
in  place  by  a  strap.  Since  the  glass  was  more  rigid  than  thr  rest 
of  the  composite,  it  tried  to  stay  flat  while  the  plastic  surface 
was  going  convex.  Also,  some  of  the  bubble  formation  in  the  outer¬ 
most  interlayer  could  have  been  associated  with  these  delamination 
forces  causing  the  glass  to  separate  from  the  panel. 

The  acrylic-faced  panels  also  showed  interlayer  bubbles  at  the 
higher  temperature/pressure  exposures  comparable  to  the  glass¬ 
faced  design.  Bubbles  formed  in  the  interlayer  that  subsequently 
helped  to  cause  acrylic  deformation.  The  photographs  in  Figure  20 
show  the  optical  effect  of  the  damage  caused  by  these  tests.  The 
photographs  present  a  view  of  the  standard  1"  gridboard  through 
panel  No.  5  inclined  at  the  F-lll  windshield  Installation  angle  of 
22°.  Comparison  of  the  Figure  20(b)  photograph  with  the  as- 
fabricated  condition  in  Figure  20(a)  graph  illustrates  the  detri¬ 
mental  effects  of  the  tests. 

c.  Final  Thermal/Pressure  Testing 

Based  on  the  initial  test  results,  modifications  to  the  basic 
acrylic  and  glass-faced  constructions  were  designed  and  parts 
fabricated.  Initial  modifications  consisted  of  using  a  silicone 
material  as  the  outermost  interlayer  for  a  glass-faced  construction 
(Sample  No.  7)  and  a  thermosetting  plastic  CR-39®  as  a  substitute 
for  the  outboard  acrylic  on  the  all-plastic  design  (Sample  No.  8). 
Except  for  these  changes.  Sample  Nos.  7  and  8,  were  similar  to 
previous  circular  samples .  Neither  of  these  samples  showed  any 
improvement  with  actual  failures  occurring  early  in  the  proposed 
test  sequence. 

Sample  No.  7,  glass-faced  with  silicone  outermost  interlayer,  did 
not  have  acceptable  adhesion  to  the  glass  surface.  This  sample 
subjected  to  an  internal  pressure  of  11  psi,  showed  gross  delamina¬ 
tion  at  the  silicone-glass  interface  when  the  outboard  glass  sur¬ 
face  reached  140°F.  Hence,  Sample  No.  7  never  achieved  the  first 
test  exposure  of  260°F  at  11-12  psi. 


FIGURE  20(b).  THERMAL  SAMPLE  NO.  5  AFTER  TEST 


Although  Sample  No.  8,  the  CR-39-faced  panel,  did  achieve  the  first 
stage  of  the  test  sequence  of  260°F  at  11-12  psi,  the  sample  did 
not  perform  successfully.  Bubbles  formed  at  the  CR-39  interlayer 
surface,  and  the  outboard  CR-39  ply  fractured  and  deformed.  In 
essence,  this  material  did  not  surpass  the  performance  of  acrylic. 

The  gross  interlayer  bubDle  formation  exhibited  by  glass-faced 
samples  was  attributed  at  least  partially  to  the  stiffness  of  glass 
compared  with  the  remaining  plastic  structure.  It  was  reasoned 
that  internal  pressure  loads  causing  deflections  approaching  1/2" 
produced  additional  peel  stresses  especially  at  the  interlayer  edge 
between  the  rigid  glass  face  and  the  more  flexible  plastic.  To 
substantiate  this  reasoning.  Sample  No.  9  which  was  identical  to 
previous  glass-faced  samples  except  for  glass  edge  attachment  that 
extended  to  the  edge,  was  tested.  An  additional  sample  with  glass 
on  both  sides  extending  to  the  edge.  Sample  No.  12,  was  also  fab¬ 
ricated  and  tested. 

Earlier  tests  indicated  the  acrylic-faced  panels  could  not  sustain 
the  thermal /pressure  exposures  with  the  outboard  acrylic  showing 
heat  deformation  after  interlayer  bubble  formation  at  the  acrylic 
surface.  To  improve  this  performance,  acrylic  fused  to  poly¬ 
carbonate  was  substituted  as  the  outboard  ply.  This  addition  of 
polycarbonate  was  designed  to  improve  the  acrylic  stiffness  and 
increase  thermal  insulation  to  protect  the  interlayer.  As  shown 
in  Figure  18,  1/8"  and  3/16"  polycarbonate  were  used  to  fabricate 
Sample  Nos.  10  and  11.  Results  of  tests  of  these  latest  designs 
are  tabulated  in  Table  VII. 

The  latest  modifications  of  holding  the  glass  and  acrylic  fused  to 
polycarbonate  as  the  outboard  face  yielded  significant  improvements 
in  combined  thermal /pres sure  load  performance.  The  glass-faced 
Sample  No.  9  sustained  a  total  time  of  60  minutes  at  360°F,  11-12 
psi  which  was  the  best  performance  achieved  by  any  design.  After 
the  last  test  at  360°F,  11-12  psi  for  30  minutes,  some  small 
bubbles  formed  in  the  outermost  interlayer.  These  bubbles  are 
outlined  on  the  photograph  Figure  21.  Conversely,  Sample  No.  12 
with  glass  on  both  sides  exhibited  a  poor  performance  that  could 
not  be  explained. 

Utilization  of  fused  acrylic-polycarbonate  facing  also  showed  a 
significant  improvement  when  compared  to  the  acrylic-faced  design. 
No  effects  were  produced  in  the  acrylic-3/16"  polycarbonate-faced 
panel  No. 11  until  the  next  to  the  last  test  was  conducted.  In 
test  D-2,  the  360°F  exposure  for  20  minutes,  acrylic  deformation 
and  some  interlayer  bubbles  developed.  Some  of  the  interlayer 
bubbles,  as  shown  in  Figure  22,  were  considerably  larger  than  the 
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FIGURE  21.  BUBBLES  AND  DELAMINATION  IN  GLASS-FACED  PANEL  NO. 
AFTER  COMPLETION  OF  T/P  TEST  (THROUGH  D-3) 


FIGURE  22.  BUBBLES  IN  ACRYLIC  &  POLYCARBONATE-FACED  PANEL 
NO.  11  AFTER  COMPLETION  OF  TEST  D-2 . 


mm 


bubbles  produced  in  panel  No.  9  although  the  interlayer  temperature 
of  the  glass-faced  panel  was  much  higher  than  the  all-plastic  panel. 
Conversely,  the  glass-faced  panel  was  far  more  rigid  than  the  all¬ 
plastic  panel  which  would  indicate  actual  deflections  are  a  factor 
in  bubble  formation.  However,  the  poor  performance  of  panel  No.  12 
wif V  glass  on  both  sides  tends  to  confuse  the  basic  trends. 

The  performance  of  Sample  No.  10,  faced  with  acrylic  fused  to  1/8" 
polycarbonate,  was  generally  consistent  with  panel  No.  11  using 
3/16"  polycarbonate.  As  expected,  interlayer  bubble  formation 
developed  one  test  earlier  than  the  thicker  acrylic-polycarbonate 
faced  panel.  After  the  first  exposure  of  360°F  for  10  minutes, 
test  D-l,  approximately  thirty  bubbles  developed  in  the  interlayer 
and  the  acrylic-polycarbonate  face  had  a  permanent  set  of  3/16". 

Table  VIII  shows  a  comparative  review  of  all  the  constructions 
tested  using  the  bench  facility.  Review  of  this  information  clearly 
indicates  that  the  non-floating  glass  and  acrylic-clad  polycarbonate 
were  the  best  outboard  materials  available.  Hence,  both  configura¬ 
tions  were  proposed  for  full-scale  thermal /pressure  tests  in  Task 
II. 


5.  IMPACT  RESISTANCE 


Two  methods  were  employed  in  determining  impact  resistance  in  Task  I. 
Preliminary  screening  of  interlayers,  structural  materials  and  coatings 
was  accomplished  via  a  laboratory  impact  cannon  which  is  used  to  fire  a 
150  gram  urethane-faced  titanium  missile  at  12"  x  12"  targets  at  speeds 
up  to  390  knots.  Standard  penetration  curves  have  been  generated  prior 
to  this  contract  for  various  materials  and  laminates  as  shown  in  Figure 
23.  As  confirmed  by  these  curves,  polycarbonate  (PC)  is  the  only  state- 
of-the-art  material  capable  of  providing  the  required  impact  resistance 
within  the  wej.to  and  thickness  limitations  for  canopies  and  windshields. 

One  of  the  continuing  problems  with  field  use  of  PC  transparencies  is 
the  poor  abrasion  and  chemical  resistance  of  PC.  The  air  cannon  screen¬ 
ing  involved  preliminary  tests  to  determine  the  relative  performance  of 
various  methods  of  protecting  the  PC.  Cladding  the  PC  by  fusing  as-cast 
acrylic  does  provide  abrasion  and  chemical  protection,  but  as  Figure  23 
shows,  the  impact  strength  is  reduced  by  cracks,  which  originate  in  the 
acrylic.  Another  method  is  to  interpose  an  interlayer  or  adhesive 
between  the  PC  and  a  protective  ply  which  yields  penetration  limits 
close  to  that  of  the  PC  ply  itself.  A  third  is  to  apply  an  abrasion 
resistant  coating  to  the  PC. 

One  group  of  screening  tests  involved  PC  plus  three  potential  abrasion- 
resistant  coatings.  Nominal  286  kt  impacts  were  made  with  the  150  gram 
missile  on  .250"  PC  with  MR  4000,  Abcite  and  0-1  650  coating  on  two 
sides  and  with  0-1  650  on  one  side.  Only  Abcite-coated  PC  stopped  the 
missile  and  formed  a  ductile  bulge.  PC  with  0-1  650  on  one  side  bulged 
then  failed  and  the  others  exhibited  complete  brittle  failure.  In¬ 
spection  of  shipments  of  Abcite,  however,  shows  poor  adhesion  to  the 
substrate.  For  this  reason,  and  the  fact  that  MR  4000  ia  only  available 
on  as-extruded  LEXAN,"  0-1  650  was  chosen  for  limited  evaluation  in 
preliminary  bird  impact  tests. 

The  effect  of  coatings  on  the  impact  resistance  of  PC  also  included  pre¬ 
liminary  missile  impacts  on  12"  x  12"  x  .125"  specimens  of  PC  with  the 
L-O-F  15  ohms/square  gold  film  applied  to  one  surface.  In  order  to 
simulate  end-use  conditions,  samples  were  exposed  to  standard  laminating 
time-temperature-pressure  conditions.  Missile  velocities  were  246  to 
253  kt,  approximating  the  known  penetration  velocity  for  as-received, 
uncoated  .125"  PC.  Impacts  on  either  the  coated  or  uncoated  surfaces 
showed  no  evidence  of  embrittlement  with  ductile  penetrations  in  both 


As  mentioned  above,  the  addition  of  an  interlayer  or  adhesive  between 
the  protective  ply  and  the  PC  structural  ply  serves  to  stop  crack  propa¬ 
gation,  thereby  resulting  in  2  transparency  with  both  durability  and 
impact  resistance.  However,  this  is  true  only  as  long  as  the  interlayer 
maintains  its  elastomeric  properties.  Since  one  of  the  bird  impact 
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requirements  involved  a  gradient  of  -30° F  outboard  ambient  to  room 
temperature  inboard,  it  was  felt  that  some  of  the  currently  available 
interlayer/adhesives  would  be  too  brittle  to  prevent  crack  propagation. 

To  fix  this  range  for  candidate  interlayers,  a  series  of  air  cannon 
impacts  was  used  to  evaluate  low  temperature  embrittlement.  Here,  12" 
x  12"  specimens  of  .110"  HERCULITE® II  glass  -  .090"  interlayer  -  .125" 

PC  were  impacted  at  a  nominal  243  kt,  just  below  the  penetration 
velocity  for  this  combination.  Interlayer  temperature  was  varied  and 
the  temperatures  at  which  the  missile  was  stopped  or  just  penetrated 
determined  the  embrittlement  range.  In  preliminary  screenings,  silicones 
were  superior  although  plagued  with  adhesion  problems.  PPG  CIP-64, 
currently  used  in  the  F-lll,  exhibited  an  embrittlement  range  between 
approximately  +40°F  and  50°F.  Of  those  considered  applicable  for  this 
program,  two  materials,  PPG  112  and  Monsanto  Research  Corporation 
Ethylene  Terpolymer,  exhibited  the  most  promising  embrittlement  ranges. 
For  comparison,  data  was  also  gathered  for  phosphate  plasticized  poly¬ 
vinyl  butyral  (TCP  Vinyl).  This  experimental  vinyl  was  chosen  for  its 
compatibility  with  PC,  unlike  3GH  Vinyl  in  which  the  plasticizer  attacks 
PC.  As  shown,  the  "low  temperature"  embrittlement  range  is  actually 
above  room  temperature  and  is  much  higher  than  other  candidate  materials. 

TABLE  IX  -  INTERLAYER  EMBRITTLEMENT  RANGE 


INTERLAYER 


MISSILE 

PENETRATED 


MISSILE 

HELD 


TCP  Vinyl 


PPG  112 


121°F 


Ethylene  Terpolymer  16°F  24°F 

In  addition  to  the  air  cannon  test  work,  the  primary  evaluation  of  im¬ 
pact  resistance  in  Task  1  was  made  via  room  temperature  bird  impacts  on 
flat  26"  x  26"  panels.  This  phase  of  the  program  was  conducted  at  ^ 
Arnold  Engineering  Development  Center  (AEDC),  Tullahoma,  Tennessee. 

All  impacts  were  center  strikes  with  4  lb  birds.  A  sketch  of  a  typical 
panel  and  an  edge  mounting  section  appears  in  Figure  24.  The  panels 
were  bolted  to  a  1/2"  x  4"  steel  frame  which  was  clamped  to  the  rigid 
AEDC  support,  as  shown  in  Figures  25  and  26.  Figure  25  is  an  overall 
view  of  the  impact  area  configuration  for  windshields  mounted  at  22° 
from  the  line  of  flight  of  the  bird.  Figure  26  gives  a  close-up  view  of 
a  panel  bolted  to  the  steel  mounting  frame  which  is  subsequently  clamped 
to  the  target  holder.  The  canopy  test  apparatus  was  identical  to  that 
used  for  windshields  except  that  the  support  structure  was  modified  to 
give  an  angle  of  incidence  of  13.2°  from  the  line  of  flight  of  the  bird. 


^For  a  complete  description  of  the  AEDC  flight  impact  simulator,  see: 
E.  J.  Sanders.  "The  AEDC  Bird  Impact  Test  Facility,"  AFML-TR-73-126, 
Conference  on  Transparent  Aircraft  Enclosures,  June,  1973. 
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FIGURE  24.  TASK  I  BIRD  IMPACT  SAMPLE 
AND  MOUNTING  FRAME 

55 


FIGURE  25.  PRELIMINARY  TASK  I  FLAT  PANEL  BIRD  IMPACT  TARGET  AREA 


FIGURE  26.  TASK  I  CANOPY  BIRD  IMPACT  PANEL  AND  MOUNTING 
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Task  I  bird  impact  tests  consisted  of  two  groups.  The  first  was  designed 
to  make  comparisons  between  materials  and  cross-sections  reflecting  in- 
*jts  from  the  material  evaluation,  laboratory  impacts  and  PPG's  experi¬ 
ence  in  the  4  lb/500  kt  impact  range.  The  results  from  the  preliminary 
bird  Impacts  were  combined  with  candidate  edgemember  designs  to  produce 
optimized  cross-sections  for  a  second  series  of  bird  shots. 

Preliminary  windshield  constructions  ranged  from  those  based  on  rela¬ 
tively  thick  monolith to.  PC  to  laminates  of  various  PC  ply  thicknesses. 

In  this  series  of  specimens,  when  surface  protection  was  provided,  a 
"hard"  coating,  glass,  as-cast  acrylic  or  stretched  acrylic  was  selected 
based  on  experience  or  the  laboratory  materials  evaluation.  Specific 
cross-sections  were  picked  to  show  effects  of  ply  thickness,  composition 
and  arrangement  with  panels  of  equivalent  overall  thickness.  As  listed 
in  Table  X,  four  basic  thickness  groups  were  selected.  The  first  con¬ 
sisted  of  monolithic  .750"  PC.  The  second  series  of  eight  panels,  with 
a  nominal  thickness  range  of  .850"  -  .870",  compared  monolithic  .625" 

PC,  laminated  .250"  PC  and  laminated  .125"  PC  components.  The  third 
group,  6A,  7A,  13A  and  14A  compart i  thicker  designs  with  monolithic  .688" 
and  .750"  PC  to  laminated  combinai  ion  of  .125"  and  .188"  PC.  The  last 
group  made  use  of  the  .500"  maximum  outboard  extension  and  was  therefore 
the  thickest,  ranging  from  1.025"  to  1.090"  nominal  thickness.  Again, 
monolithic  and  laminated  PC  components  were  compared  but  in  this  group 
a  floating  .125"  PC  ply  was  placed  between  the  outboard  facing  ply  and 
the  first  extended  PC  mounting  ply. 

Detailed  results  for  the  first  18  tests  are  described  on  the  data  sheets 
in  Appendix  1.  However,  the  laminated  group  is  summarized  in  Figures 
27,  ,°8  and  29  which  correspond  to  the  order  and  grouping  of  Table  X. 

Several  basic  conclusions  were  drawn  which  influenced  the  selection  of 
optimized  Task  I  test  panel  constructions. 

1.  Even  with  center  impacts,  the  panel  support  system  can  influence 
results.  In  initial  shots,  clamp  restraint  and  sharp  frame 
edges  caused  unexpected  failures  along  the  aft  edge.  In  sub¬ 
sequent  tests,  support  structure  edges  (test  frames  or  module 
mounting  surfaces)  were  rounded  to  minimize  shearing,  and  the 
clamping  locations  were  stabilized  for  the  top  edge  and  sides. 

2.  In  general,  the  likelihood  of  brittle  failure  was  proportional 
to  PC  structural  ply  thickness.  The  Group  1  monolithic  panels 
were  destroyed  by  impacts  even  44  knots  below  the  500  knot  re¬ 
quirement.  Likewise  in  the  other  groups,  the  panels  with  mono¬ 
lithic  PC  plies  exhibited  catastrophic  failures  while  equivalent 
panels  with  thin  plies  prevented  penetration.  Group  2  provided 
perhaps  the  best  comparison  of  ply  thickness  effects.  Sample  58 
was  blown  apart  at  447  knots  while  8A  with  two  .250"  PC  plies 
was  sheared  or  cracked  around  the  periphery  at  497  knots.  The 
design  with  two  .125"  PC  plies,  however,  sustained  hits  up  to 
525  knots  and  was  not  penetrated  until  538  knots. 
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TABLE  X 

-  CONSTRUCTIONS  FOR  TASK  I  PRELIMINARY  BIRD  IMPACT  TESTS 

SAMPIE 

SHOT  NO. 

CONSTRUCTION  (IMPACT-FACING  SURFACE  LISTED  FIRST) 

1A 

WT-17 

.750"  PC  (.375"  PC  extended  edge  section) 

2A 

WT-12 

.750"  PC  (coated  both  sides  with  01  650)  (.375"  PC  extended  edgt 

3A,3B 

WT-2,5 

.125"  Acrylic  -  .120"  IL  -  .125"  PC  (15  ohms/sq  gold  film)*  - 
.120"  IL*  -  .125"  PC*  -  .120"  IL  -  .125"  PC 

3C 

WT-7 

.125"  Acrylic  -  .120"  IL  -  .125"  PC*  -  .120"  IL*  -  .125"  PC* 

(15  ohms/sq  gold  film)  -  .120"  IL  -  .125"  PC 

4A,4B 

WT-3,1 

Same  as  Code  3,  without  15  ohms/sq  gold  coating 

8A 

WT-6 

.110"  Glass  -  .120"  IL  -  .250"  PC  -  .120"  IL*-  .250"  PC 
(.125"  PC  -  .120"  112  IL  -  .125"  PC  extended  edge) 

5A,5B 

WT-4,16 

.125"  Acrylic  -  .120"  IL  -  .625"  PC  (.375"  PC  extended  edge) 

6A 

WT-14 

.125"  Acrylic  -  .090"  JL  -  .750  PC  (.375"  PC  extended  edge) 

7A 

7 

WT-18 

.125"  Acrylic  -  .120"  IL  -  .188"  PC*  -  .090"  IL  -  .188"  PC*  - 
.120"  IL  -  .125"  PC  '< 

13A 

WT-9 

.060"  Acrylic/. 093"  PC  -  .120"  IL  -  .125"  PC*  -  .090"  IL*  - 
.188"  PC*  -  .120"  IL  -  .125"  PC 

14A 

WT-15 

.060"  Acrylic/. 093"  PC  -  .120"  IL  -  .688")  PC  (.438"  PC 
extended  edge) 

9A 

WT-11 

.110"  Glass  -  .120"  IL  -  .125'’  PC  - 
.120"  IL*  -  .125"  PC*  -  .120"  IL  - 

.120"  IL  -  .125"  PC*  - 
.060"  Acrylic 

10A 

WT-13 

Same  as  Code  9  but  with  15  ohms/sq  gold  film  on  glass 

11A 

WT-8 

.110"  Glass  -  .120"  IL  -  .625"  PC  - 
(.375"  PC  extended  edge) 

.120"  IL  -  .060"  Acrylic 

12A 

WT-10 

.110"  Glass  -  .120"  IL  -  .125"  PC  - 
.120"  IL*  -  .125"  PC*  -  .120"  IL  - 

.120"  IL  -  .125"  PC*  - 
.125"  Stretched  Acrylic 

Include  in  extended  edge  section. 
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WT-6  8A  FAILED  497  KT  SHEARED  AT  TOP,  CRACKED  EDGES 


WT-4  5A  FAILED  483  KT  BLEW  OUT  CENTER 
WT-16  5B  FAILED  447  "  " 


FIGURE  27.  SUMMARY  OF  TASK  I  PRELIMINARY  BIRD  IMPACTS  (GROUP  2) 
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WT-9  13A  OK  A99  KT  NO  SERIOUS  DAMAGE 


WT-15  WA  FAILED  A78  KT  BLEW  OUT  CENTER 


FIGURE  28.  SUMMARY  OF  TASK  I  PRELIMINARY  BIRD  IMPACTS  (GROUP  3) 
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FIGURE  29.  SUMMARY  OF  TASK  I  PRELIMINARY  BIRD  IMPACTS  (GROUP  A) 


The  other  thickness  effect  was  demonstrated  in  Group  4,  The 
stiff  outboard  section  of  glass  and  an  extra  PC  ply  did  not 
improve  the  penetration  over  thinner  designs.  In  fact,  PC 
cracking  indicated  that  the  opposite  was  true.  Therefore,  it 
was  not  necessary  or  even  advantageous  to  pursue  constructions 
which  took  advantage  of  the  .500"  allowable  deviation  from  mold 
line. 

A  floating  ply  of  PC  inboard  did  not  adversely  affect  penetration 
resistance,  although  no  evaluation  could  be  made  as  to  the  degree 
of  improvement.  One  thickness  iteration  of  unattached  PC  inboard 
was  included  in  optimized  flat  panels. 

The  gold  15  ohms/square  radar  reflecting  film  worked  well  on 
both  glass  and  PC.  Adhesion  of  the  film  to  substrates  and  of 
all  112  interlayer  to  the  film  was  good  in  all  cases.  In 
general,  results  were  equivalent  for  similar  specimens  with  and 
without  coating,  as  a  result: 

(a)  Location  of  the  film  can  be  determined  by  its  effect  on 
optics,  resistance  to  arcing  or  other  reasons. 

(b)  For  cost  savings,  the  film  was  eliminated  from  the  balance 
of  Task  I  bird  impact  test  specimens. 

As  far  as  bird  impact  resistance  was  concerned,  there  was  little 
difference  between  glass,  acrylic  or  fused  acrylic/PC  outboard. 
The  final  choice  of  a  facing  ply  was  then  possible  on  the  basis 
of  other  criteria,  such  as  abrasion  and  thermal  resistance,  ex¬ 
pansion  mismatch,  residual  visibility,  etc.  Both  glass  and 
acrylic  were  selected  for  optimized  flat  panel  specimens. 

As-cast  acrylic  could  be  used  as  an  inboard  abrasion  ply  with  no 
serious  spalling  or  degradation  of  penetration  resistance  pro¬ 
vided  PPG  N-l  cement  or  equivalent  was  used.  Stretched  acrylic, 
on  the  other  hand,  was  unacceptable  either  with  or  without  the 
use  of  adhesives.  Large,  sharp  spall  pieces  were  ejected  at 
measured  speeds  up  to  269  ft/sec  during  deflection  of  samples 
which  used  stretched  acrylic  as  an  inboard  floating  ply. 

A  two  PC  ply  edge  section  with  thicknesses  of  .125"  and  .188" 
provided  the  best  penetration  resistance  for  the  center  impacts 
at  the  required  500  knots. 

Two  other  panels  were  produced  with  preliminary  constructions, 
but  tested  later.  These  panels  Hsted  in  Table  XI  were  originally 
Intended  for  investigating  the  effect  of  LCOS  restraint  during 
deflection. 


TABLE  XI  -  LCOS  RESTRAINT  PANEL  CONSTRUCTIONS 


SAMPLE  SHOT  NO. 


CONSTRUCTION 


15A  WT-31 


16A  WT-30 


.125"  Acrylic  -  .120"  IL  -  .125"  PC  -  .120"  IL  - 
.125"  PC*  -  .120"  IL*  -  .125"  PC*  -  .120"  IL  - 
.125"  Stretched  Acrylic 

.125"  Acrylic  -  .120"  IL  -  .125"  PC  -  .120"  IL  - 
.125"  PC*  -  .120"  IL*  -  .125"  PC*  -  .120"  IL  - 
.125"  PC 


*Included  in  extended  edge  section 


Specimen  15A  was  used  to  confirm  spall  characteristics  and  again,  large, 
sharp  pieces  were  ejected  from  the  inboard  surface  during  impact.  The 
inboard  PC  of  16A  was  damaged  with  a  chisel  to  simulate  LCOS  damage. 
Although  cracks  originated  within  the  ply  during  deflection,  they  were 
stopped  by  the  112  interlayer  and  did  not  cause  any  adverse  effect  on 
bird  resistance.  It  is  interesting  to  note  that  the  laminated  outboard 
section  of  acrylic  and  PC  used  in  15A  and  16A  did  not  result  in  structur¬ 
al  PC  cracking  as  was  exhibited  with  panels  9A,  10A  and  12A  which  used  a 
stiff er  floating  laminate  of  glass  and  PC  outboard. 

The  final  Task  I  windshield  bird  impact  tests  were  conducted  on  optimized, 
flat  26"  x  26"  panels  which,  unlike  the  preliminary  specimens,  included 
candidate  edge  attachments.  Three  basic  constructions  (five  sample  con¬ 
figurations)  were  developed  using  Inputs  from  preliminary  bird  shooting 
and  from  the  edge  attachment,  structural  and  material  evaluation  portions 
of  this  effort.  Edge  sections  of  the  designs  shown  in  Figure  30  and  in 
the  individual  data  sheets  in  Appendix  1  were  selected  for  the  following 
reasons : 


1.  Acrylic-Faced  (PC  Inboard)  (9030-17  and  18)  -  The  advantages  of 
an  all-plastic  design  are  many — impact  resistance,  weight,  re¬ 
sidual  visibility,  etc.  The  preliminary  tests  showed  that  an 
acrylic-faced  PC  laminate  was  a  promising  design  type.  In  this 
group,  PC  plies  of  .125"  and  .188"  were  used  in  the  extended 
section.  This  combination  met  the  dimensional  allowance  and 
worked  well  in  9030-13.  A  floating  ply  of  .188"  PC  was  used 
inboard  to  provide  additional  stiffness  against  thermal/pressure 
loads. 

2.  Glass-Faced  (Acrylic  Inboard)  (9030-19  and  20)  -  In  this  design, 
maximum  abrasion  and  chemical  resistance  is  achieved  by  using 
glass  and  as-cast  acrylic  facing  plies  which  were  an  acceptable 
combination  in  the  preliminary  bird  impact  tests.  In  this  case, 
stiffness  was  provided  by  the  glass  facing  ply  while  again,  an 
extended  edge  section  of  .125"  and  .188"  PC  was  used  to  gain  the 
major  portion  of  impact  resistance. 
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9030-19  A  ,B 


.110  GLASS 
.120  112 
.125  PC 
.090  112 

.188  PC 

.090  112 
060  PLEX. 


FIGURE  30.  TASK  I  BIRD  IMPACT  TEST  PANELS 
WITH  EDGE  ATTACHMENTS. 


3.  Glass-Faced  (Glass  Inboard)  (9030-21)  -  Problems  with  glass¬ 
faced  plastic  designs  in  fabrication  and  service  originate 
from  the  10:1  ratio  of  coefficients  of  thermal  expansion  of 
plastics  to  glass.  The  9030-21  design  with  glass  on  both  exposed 
surfaces  introduced  a  balanced  cross-section  and  also  maximum 
surface  durability.  Stiffness  in  service  would  be  comparable 
to  the  existing  glass  windshield,  yet  during  impact,  failure  of 
the  glass  plies  would  permit  the  necessary  deflection.  Failure 
of  the  inboard  ply  would  create  spall  which  was  to  be  evaluated 
for  severity  during  this  test  series. 


Detailed  data  for  >.ach  of  the  eleven  shots  can  be  found  in  the  data 
sheets  for  WT-19  to  29  in  Appendix  1  and  the  deflection  data  is 
available  in  Appendix  2.  Several  general  conclusions  were  drawn  which 
influenced  selection  of  materials  and  the  construction  for  the  Task  II 
windshield  design. 

1.  Edge  Attachment  -  Although  there  was  no  major  difference  in  bird 
impact  resistance  between  types  of  reinforcement  (straps  vs 
insert),  the  edge  attachment  did  place  severe  loading  on  the 
bolts,  particularly  at  the  rear  edge.  In  several  cases,  bolt 
failure  led  to  collapse  of  the  edge  during  deflection.  It  was 
expected  that  this  would  amplify  the  importance  of  impact  loca¬ 
tion  during  windshield  testing  in  Task  II,  and  high  strength 
bolts  were  selected  for  Task  II. 

Retainer  geometry  must  be  selected  to  prevent  funneling  of  the 
hydrodynamic  pressure  down  into  the  edge,  causing  shearing  of 
the  extended  plies.  This  can  be  accomplished  by  geometry  of 
the  retainer  and  elimination  of  a  free  edge  where  peeling  can 


Several  edge  attachment  variations  were  made  between  and  within  the 
three  material  arrangement  groups.  As  can  be  seen  in  Figure  30,  com¬ 
bination  of  straps,  inserts,  retainers  and  bushings  (spacers)  were  in¬ 
cluded.  These  were  cross-referenced  with  tensile  samples  in  the  edge 
attachment  program,  as  discussed  in  Task  I,  Section  3.  The  retainers 
were  produced  from  soft  aluminum  and  in  groups  17  and  18  were  bent  as 
shown  in  Figure  30.  In  Group  21  which  was  tested  after  retainer  "peel¬ 
ing"  caused  failure  in  the  other  groups  due  to  direction  of  hydrostatic 
pressure  down  through  the  edge,  the  retainer  was  either  removed  (21B) 
or  modified  (21A)  to  include  a  taper  as  shown  on  the  data  sheet  for 
WT-29  in  Appendix  1.  Epoxy-Nomex  was  used  for  both  PC  reinforcement 
straps  and  inserts  with  thicknesses  and  sizes  as  detailed  in  Appendix  1. 
Strap  and  retainer  bonding  was  via  nominal  .010"  RTV  630.  Where  tested, 
aluminum  bushings  were  used. 


As  far  as  bird  impact  resistance  was  concerned,  the  RTV  630 
adhesive  performed  well.  In  general,  adhesion  of  the  straps 
and  inserts  to  112,  or  polycarbonate  (using  RTV  630),  was 
better  during  impact  than  the  inter-laminar  strength  of  the 
epoxy-Nomex  reinforcement. 

2.  Transparency  Construction  -  Based  on  both  groups  of  Task  I  bird 
impact  tests,  two  bolted  structural  plies  of  .125"  and  .188"  PC 
with  various  floating  facing  plies  were  sufficient  to  meet  the 
center  500  knot  requirement.  The  facing  plies,  however,  con¬ 
tinued  to  show  offsetting  advantages  and  disadvantages  in  the 
final  Task  I  windshield  tests. 

Specifically: 

a.  Failure  of  chemically  strengthened  glass  plies  during  Impact 
deflection  resulted  in  the  ejection  of  spall  particles  and 
also  complete  loss  of  visibility.  In  the  Task  I  tests,  the 
spall  left  normal  to  the  bulge  inboard  surface  at  average 
speeds  from  296  to  315  ft/sec.  Particles  were  embedded  in 
styrofoam  witness  plates  placed  up  to  40"  below  the  target 
point. 

b.  Inboard  PC  -  In  the  first  series  of  tests,  a  floating  in¬ 
board  ply  of  .125"  PC  performed  well  with  no  degradation  of 
residual  visibility.  In  the  second  series  of  tests,  the  use 
of  a  .188"  PC  floating  ply  appeared  to  create  a  center 
section  which  was  too  stiff,  causing  edge  shearing.  This 
problem  would  increase  for  impacts  close  to  the  panel  edge. 

The  balance  of  unique  advantages  and  disadvantages  for  the  all-plastic 
and  glass-plastic  systems  was  also  apparent  in  the  other  Task  I 
activities,  particularly  the  thermal/pressure  evaluation  (Section  4). 

All  tradeoffs  were  taken  into  account  in  recommending  constructions  for 
Task  II  and  the  following  comments  summarize  plus  and  minus  factors  ex¬ 
hibited  by  the  two  basic  design  types. 

1.  All-Plastic  -  Results  showed  that  different  plastic-faced  lami¬ 
nates  with  thin  PC  structural  plies  would  provide  the  necessary 
bird  impact  resistance.  In  addition,  considering  the  current 
state-of-the-art  in  protective  coatings,  thin  as-cast  acrylic 
can  also  serve  as  an  inboard  ply  and  worked  successfully  under 
bird  impact  with  no  spall  problems.  In  stopping  the  bird,  all- 
plastic  cross-sections  retained  useful  visibility  after  impact, 
minimizing  the  chance  for  mission  completion. 

The  primary  problem  according  to  our  data  was  the  degradation  of 
visibility  and  structural  integrity  resulting  from  softening  and 
plastic  deformation  of  acrylic  under  extremes  of  temperature  and 
pressure.  An  outboard  ply  of  fused  acrylic  and  polycarbonate 
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which  was  also  acceptable  during  bird  Impact  did  give  better 
resistance  to  F-lll  temperature  and  pressure  conditions.  The 
higher  heat  deflection  temperature  of  the  polycarbonate  provided 
extra  support  for  the  acrylic  while  a  fused  outboard  section 
which  is  thicker  than  a  monolithic  ply  causes  a  corresponding 
larger  temperature  drop  between  the  outboard  ambient  and  first 
interlayer.  This,  of  course,  Imposes  a  weight  penalty  for  a 
thicker,  non-structural  facing  ply. 

The  important  point,  however,  is  that  there  were  several  alter¬ 
natives  available.  By  choosing  one  material  at  the  beginning  of 
Task  II,  the  final  design  would  not  be  irrevocably  fixed  and 
could  reflect  changes  dictated  by  thermal  and  impact  tests  on 
full-size  windshields. 

2.  Glass-Faced  -  Maximum  abrasion  and  chemical  resistance  was 

achieved  with  glass  outboard.  Interior  polycarbonate  plies  still 
provided  the  required  impact  resistance  during  flat  panel  bird 
impacts.  However,  fabrication  and  service  problems  would  exist 
if  glass  were  used  on  only  one  face  because  of  the  10:1  ratio  of 
coefficients  of  thermal  expansion  of  plastics  to  glass.  The 
"bimetallic  effect"  causes  shape  change  as  a  function  of  tem- 
perature.  For  example,  glass-faced  test  panels  in  Task  I  showed 
up  to  9/16"  residual  bow  over  the  26"  span  at  room  temperature 
and  windshields  would  experience  even  greater  change.  Con¬ 
currently,  and  especially  when  the  "unbalanced"  transparency  is 
restrained,  high  peel  stresses  are  created  at  the  glass-inter¬ 
layer  interface  with  the  potential  for  delamination  or  glass 
breakage.  A  design  with  glass  on  both  faces  introduces  a 
"balanced"  cross-section  and  maximizes  surface  durability. 
Stiffness  in  service  would  be  comparable  to  the  existing  glass 
F-lll  windshield,  yet,  as  occurred  during  successful  bird  impact 
tests,  failure  of  the  glass  plie3  permitted  the  necessary  de¬ 
flection.  Failure  of  the  chemically  strengthened  glass  did  have 
parallel  disadvantages  since  there  was  no  residual  visibility 
after  impact  and  spall  was  ejected  from  the  inboard  face. 

One  positive  point  for  glass,  of  course,  is  its  relative  insensi¬ 
tivity  to  temperature  when  compared  with  plastic  facing  materials. 
Although  the  glass  itself  was  not  affected  by  temperature/ 
pressure  loads,  its  stiffness  and  relatively  high  thermal  con¬ 
ductivity  did  accentuate  interlayer  problems  including  separation 
and  bubbling  at  the  extreme  thermal/pressure  test  conditions. 

Basically,  the  Task  I  tests  indicated  two  areas  which  were  found  to  have 
the  potential  for  affecting  the  overall  success  in  meeting  windshield 
requirements  and  a  Task  II  program  was  proposed  accordingly.  First,  it 
was  agreed  that  preliminary  temperature/pressure  tests  should  be  con¬ 
ducted  on  full-size  windshields  in  Task  II  rather  than  in  Task  III  when 
designs  would  be  fixed.  Second,  since  two  types  of  designs  (all-plastic 
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and  glass-faced)  appeared  to  have  merit  and  drawbacks  for  thermal, 
durability  and  bird  impact  resistance,  the  recommended  plan  proposed 
testing  both  types  in  Task  IX.  In  it,  a  primary  all-plastic  design  was 
to  receive  the  bulk  of  the  investigation,  but  an  alternate  glass-faced 
one  was  included  to  undergo  both  thermal  and  bird  impact  tests. 

Both  recommended  Task  II  test  windshield  designs  relied  on  an  extended 
edge  section  of  125"  and  .188"  PC  plies  which  met  the  500  knot  impact 
requirement.  The  constructions  which  were  proposed  and  made  for  Task  II 
and  comments  on  the  edgemembers  follow,  with  sketches  of  the  edge 
sections  shown  in  Figures  31  and  32. 

1.  Primary  Design  (Figure  31)  (All-Plastic) 

.060"  as-cast  acrylic  +  .125"  PC  (fused)  -  .090"  112  -  .125"  PC  - 
.090"  112  -  .188"  PC  -  .090"  112  -  .060"  as-cast  acrylic 

Areal  Density  ■  5.16  lbs/ft^ 

The  straps  were  to  be  .020"  x  2.00"  impregnated  nylon  (Nomex) 
bonded  with  RTV  630  or  equivalent.  A  .125"  aluminum  retainer 
was  to  be  used  outboard  with  rectangular  geometry  on  the  forward 
arch,  beam  and  sill.  On  the  aft  arch,  the  proposed  retainer  was 
tapered,  as  shown,  to  eliminate  the  chance  of  "tunneling"  by 
bird  tissue. 

2.  Alternate  Design  (Figure  32)  (Glass-Faced) 

.085"  chemically  strengthened  glass  -  .090"  112  -  .125"  PC  - 
.090"  112  -  .188"  PC  -  .090"  112  -  .085"  chemically  strengthened 
glass 

Areal  Density  *  5.76  lbs/ft^ 

In  this  design,  the  outboard  glass  ply  was  to  be  held  around  its 
periphery  with  a  strap  of  .020"  aluminum  bonded  to  the  Inboard 
surface  of  the  glass  with  a  flexible  adhesive  such  as  RTV  630. 

On  three  sides,  the  beam,  sill  and  forward  arch,  the  glass  was 
also  to  be  held  by  an  outboard  .020"  strap  bonded  to  the  glass 
and  to  a  spacer/retainer  with  RTV.  The  outboard  ply  attachment 
was  to  be  adhered  to  a  .040"  impregnated  nylon  spacer.  The  other 
three  straps  were  proposed  to  be  .020"  x  2.00"  impregnated  nylon 
bonded  with  nominal  .010"  RTV  630  or  equivalent. 
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In  the  figures,  the  codes  correspond  to  the  following  edge  attach¬ 
ment  details: 

(1)  "  .020"  x  2"  epoxy-Nomex  strap  bonded  with  nominal  .010"  RTV 

630  or  equivalent 

(2)  “  .125"  x  1.375"  aluminum  retainer  bonded  with  RTV  630 

I 

(3)  "  .125"  x  1.375"  aluminum  retainer  (tapered  as  shown)  bonded 

with  nominal  .010"  RTV  630 

(4)  «  .020"  x  2"  aluminum  strap  bonded  to  glass  and  (5)  spacer/ 

retainer  with  nominal  .010"  RTV  630 

(5)  -  .080"  x  1.375"  aluminum  spacer /retainer;  tapered  as  shown 

and  gap  filled  with  RTV  630 

(6)  ■  .040"  x  1.375"  epoxy-Nomex  spacer  bonded  to  (4)  strap  and 

.125"  PC  using  nominal  .010"  RTV  630 

(7)  *  .020"  x  2"  (plus  .030"  x  .250"  additional)  epoxy-Nomex  strap 

bonded  with  nominal  .010"  RTV  630 


A  )  BEAM  ,  SILL,  FWD  ARCH 
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Task  I  canopy  bird  impacts  followed  the  same  format  as  that  used  for  the 
windshields.  The  first  scries  was  intended  to  define  basic  limits  on 
materials  and  cross-sections,  while  the  second  series  pursued  opti¬ 
mization,  including  edge  attachments.  Since  formalization  of  the  canopy 
program  placed  it  behind  the  windshield  at  the  start,  canopy  constructions 
benefited  from  this  spin-off.  Another  restriction  of  the  number  of 
possible  canopy  designs  was  the  dimensional  requirements  for  the  canopy. 

The  preliminary  constructions  which  are  shown  in  detail  in  the  data 
sheets  for  WT-32  to  WT-35  in  Appendix  1  were  as  follows: 

TABLE  XII  -  CONSTRUCTIONS  FOR  TASK  I  PRELIMINARY  CANOPY  BIRD  IMPACTS 


SAMPLE  SHOT  NO.  CONSTRUCTION  (IMPACT  SURFACE  LISTED  FIRST) 


9031-1A.1B  WT-32, 34  ,125"  Acrylic  -  .060"  112  IL  -  .125"  PC*  - 

.090"  112  IL*  -  .188"  PC* 

9031-2A.2B  WT-33,35  .125"  Acrylic  -  .060"  112  IL  -  .125"  PC*  - 

.030"  112  IL*  -  .125"  PC*  -  .060"  112  IL*  - 
.060"  Acrylic* 


*Included  in  extended  edge  section 

The  500  knot  impact  requirement  was  surpassed  with  two  extended 
structural  plies  of  .125"  PC.  This  permits  the  use  of  .060"  as-cast 
inboard  for  physical  isolation  of  the  PC  rather  than  an  abrasion- 
resistant  coating  if  a  .125"  -  .188"  PC  ply  combination  is  used.  The 
use  of  the  acrylic  inboard  does,  however,  tend  to  reduce  residual 
visibility  after  impact.  The  four  preliminary  canopy  panels  all  pre¬ 
vented  penetration  from  485  knots  to  536  knots  with  nearly  identical 
center  thickness  (.585"  vs.  .588")  and  areal  density  (3.64  vs.  3.66 
lbs/ft^).  The  goal  on  the  optimized  parts,  therefore,  was  to  evaluate 
more  diverse  designs  which  would  be  lighter  or  thinner  in  addition  to 
testing  complete  structures  with  edge  attachments.  Edge  reinforcement 
and  facing  ply  selection  incorporated  results  for  Task  I  windshields. 
Sections  of  the  final  Task  I  canopy  designs  are  shown  in  Figure  33,  and 
the  following  comments  indicate  the  rationale  in  their  selection: 

1.  9031-3A  -  This  design  incorporated  the  same  PC  ply  arrangement  as 

9031-2  which  met  the  bird  requirement.  However,  in  light  of  the 
thermal/pressure  tests,  the  monolithic  as-cast  acrylic  of  9031-2 
was  replaced  by  an  outboard  facing  ply  of  fused  acrylic/PC.  To 
reduce  weight  (t'»  3.46  lbs/ft^)  and  thickness,  the  inboard  inter¬ 
layer  and  as-cast  acrylic  of  9031-2  have  been  eliminated  and  the 
now-exposed  PC  ply  was  coated  with  0-1  650.  Edge  reinforcement 
was  via  four  .020"  x  2"  epoxy-Nomex  straps  (1)  similar  to  those 
used  for  the  windshield  samples. 
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2.  9031-4A  -  Thermal/pressure  tests  indicated  that  a  glass  facing 
ply  may  be  necessary.  The  9031-4A  specimen  was  an  attempt  to  be 
under  the  .500"  thickness  limit  with  a  panel  providing  a  balanced 
glass  design  and  bird  impact  resistance.  Even  so,  thi^  is  the 
heaviest  of  the  proposed  canopy  designs  at  4.04  lbs/ft  .  In 
service,  this  design  would  exhibit  stiffness  at  least  comparable 
to  the  present  F-lll  1578  configuration  glass  canopy.  The  out¬ 
board  glass  had  2"  titanium  straps  (2)  configured  similarly  to 
the  "A"  light  in  the  present  glass  F-lll  transparencies  except 
that  the  outboard  strap  was  deleted  from  the  aft  edge.  The  PC 
reinforcement  was  .020"  x  2"  epoxy-Nomex. 

3.  9031-5A  -  The  last  design  was  the  lightest  of  the  candidate 
canopy  constructions  (3.11  lbs/ftz)  and  also  was  under  .500" 
center  thickness.  It  incorporated  a  high  level  of  abrasion  re¬ 
sistance  for  a  plastic-faced  design  with  an  outboard  ply  of 
allyl  diglycol  carbonate  (CR-39).  A  comparison  of  the  stiff er 
monolithic  .250"  PC  used  here  and  the  doublet  of  .125"  PC  used 
in  9031-3A  was  included  to  indicate  whether  the  poor  performance 
of  monolithic  PC  exhibited  in  the  windshield  program  extends  to 
thin  plies  at  shallower  angles. 

Only  two  edge  reinforcements  were  used  in  -5A.  They  included 
.020"  x  2"  epoxy-Nomex  strap  (1)  and  a  .080"  x  1.625"  inboard 
•  epoxy-Nomex  spacer  which  is  labeled  (3)  in  the  sketch.  In  all 

three  designs,  the  edge  reinforcement  material  was  bonded  to 
the  PC  with  nominal  .010"  RTV  630. 

The  three  final  flat  Task  I  canopy  specimens  were  subjected  to  nominal 
500  knot  impacts,  as  described  in  the  data  sheets  for  shots  WT-36  to 
WT-38  in  Appendix  1.  In  general,  results  were  as  expected  based  on 
previous  flat  windshield  and  canopy  panels.  In  the  plastic  panels,  the 
failure  of  9031-5A  corroborated  the  poor  performance  of  relatively  thick 
monolithic  PC  structural  plies  witnessed  in  the  windshield  testing.  Two 
plies  of  .125"  PC,  on  the  other  hand,  were  again  adequate  to  meet  the 
500  knot  requirement  at  13.2°  installation  angle. 

The  glass-faced  design,  9031-4A,  did  prevent  penetration  at  526  knots 
with  a  single  structural  ply  of  .188"  PC.  Although  it  takes  advantage 
of  the  ductility  of  the  PC  during  impact,  the  glass-faced  plastic  would 
provide  structural  stiffness  comparable  to  the  present  design  in  normal 
service.  However,  this  unique  combination  is  offset  by  higher  weight 
than  all-plastic  panels  and  the  spall  and  loss  of  visibility  attributable 
to  breakage  of  the  chemically  strengthened  glass  during  bird  impact. 

All  candidate  edge  attachment  systems  performed  as  expected  and  no  new 
conclusions  were  drawn  from  these  tests.  The  RTV  630  and  epoxy-Nomex 
reinforcement  continued  to  provide  the  necessary  impact  support  for 
plastic  plies. 
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In  recommending  optimized  constructions  for  Task  II  canopy  then, 

several  possible  choices  evolved. 

1.  All-Plastic,  Single  Structural  Ply  -  A  plastic-faced  design  with 
a  single  .188"  PC  ply  might  meet  the  bird  requirement,  but  it 
would  be  questionable  structurally,  particularly  for  edge  load¬ 
ing.  Also,  there  is  no  fail-safe  capability  with  the  single  ply. 

2.  All-Plastii ,  Double  Structural  Ply  -  In  preliminary  flat  panel 
tests,  both  .125"  -  .125"  and  .125"  -  .188"  PC  ply  combinations 
have  passed  500  knot  impacts.  In  addition,  the  two  ply,  four- 
side  edge  reinforcement  used  in  these  constructions  met  the  870 
lbs/in  tensile  load  requirement  from  -65°F  to  +260°F. 

Double  PC  ply  constructions  have  stopped  4  lb  birds  at  500  knots 
with  different  facing  plies.  Like  the  windshield,  this  granted 
the  freedom  to  select  the  outboard  ply  for  optimum  thermal  resis¬ 
tance  and  choose  the  inboard  material  (plastic  ply  or  coating)  for 
durability  and  cost. 

3.  Glass-Faced,  Single  Structural  Ply  -  This  design  was  actually  a 
modification  of  the  present  glass  canopy  with  the  addition  of  a 
PC  ply  for  bird  Impact  resistance.  Its  good  thermal  and 
structural  capabilities  are  offset  by  weight,  spall  and  loss  of 
residual  visibility. 

Based  on  these  observations  and  other  results  of  canopy  and  windshield 
tests  to  date,  two  constructions  were  ( ubmitted  for  use  in  preliminary 
Task  II  bird  impact  tests  on  full-size  left-hand  canopies.  The  con¬ 
structions  were  identical  except  for  facing  plies.  As  shown  in  Figure 
34,  they  include  double  structural  plies  of  .125"  PC  which  sustained 
500  knot  impacts  successfully.  Both  had  .060"  as-cast  acrylic  as  the 
inboard  ply  since  it  was  felt  that  this  will  provide  better  overall 
protection  than  current  state-of-the-art  coatings.  Facing  plies  were 
either  monolithic  .080"  as-cast  acrylic  as  in  (B)  or,  if  required  for 
thermal  protection,  fused  acrylic/FC  as  in  (A).  For  edge  attachment, 
the  outboard  edge  contained  a  .125"  x  1.375"  aluminum  retainer  and  rein¬ 
forcement  of  .020"  x  2"  epoxy-Nomex.  As  was  the  case  on  the  flat  panels, 
al L  reinforcements  were  bonded  to  the  PC  using  nominal  .010"  RTV  630.  As 
with  the  windshields,  aluminum  bushings  were  included  in  the  bolt  holes 
to  transfer  bolt  loads  from  the  retainer  to  the  mounting  surface. 


FIGURE  34.  RECOMMENDED  PRELIMINARY  TASK  It  CANOPIES 


1.  INTRODUCTION 


SECTION  III 
TASK  II 


The  primary  objective  of  Task  II  was  to  establish  a  basis  to  recommend 
a  specific  detailed  windshield  design  to  meet  the  contract  requirements. 
To  accomplish  this,  the  major  effort  was  to  evaluate  the  response  of 
developmental,  full-size  F-lll  windshields  and  canopies  of  approved 
constructions  to  bird  Impacts  at  different  locations  at  speed  between 
500  knots  and  Mach  1.2.  As  a  result  of  Task  I  work,  a  secondary  but 
concurrent  effort  investigated  the  effect  of  required  F-lll  temperature 
and  pressure  profiles. 

As  before,  the  different  areas  of  activity  in  bird  impact  _w»ii.ng  and 
thermal/pressure  evaluation  are  discussed  separately.  The  Task  II 
section  is  concluded  with  the  windshield  and  canopy  designs  selected 
for  Task  ItC  prototype  production. 


THERMAL/PRESSURE  CAPABILITY 

To  further  evaluate  the  thermal  and  pressure  capability  of  the  designs 
established  In  Task  I,  tests  of  full-scale  windshields  were  conducted. 
Again,  as  in  Task  I,  it  was  not  practical  to  conduct  all  the  tests 
defined  as  Endurance  Requirements,  so  the  most  severe  tests  were 
selected.  This  included  the  maximum  Burst  Pressure/Temperature, 

Maximum  Crush  Pressure  and  Pressure  Cycling  (Type  II) .  Since  laminated 
structures  become  more  rigid  with  lower  temperatures,  elevated  tempera¬ 
ture  tests  were  assumed  to  be  the  severe  test  conditions. 

a.  Test  Facility 

Since  an  F-lll  production  pressure  fixture  with  cyclic  response  to 
20  psi  existed,  it  was  only  necessary  to  devise  a  temperature 
system  for  the  proposed  tests.  Based  on  past  experience  and  the 
rapid  temperature  response  required,  a  heat  blanket  system  was 
selected.  Figure  35  shows  the  construction  of  the  thermal  system 
utilized.  The  thermal  blanket,  through  a  percentage  off-on  con¬ 
troller,  heated  the  outboard  surface  of  the  windshield  attached 
to  a  production  proof-pressure  fixture.  Preliminary  tests  using 
an  expendable  plastic  windshield  indicated  uniform  contact  of  the 
blanket  to  the  outboard  surface  was  necessary  to  achieve  quick 
heat  response.  A  repeatable  system  was  designed  to  accomplish 
this  contact  using  an  outboard  surface  rubber  cover  under  vacuum. 

A  sheet  of  1/8"  silicone  was  placed  between  the  part  and  the  blan¬ 
ket  to  eliminate  any  contact  mark-off.  The  fiberglass  surface  and 
stitches  of  the  blanket  readily  damaged  the  acrylic  surface  at 
260°F  in  the  preliminary  test.  This  was  attributed  to  the  260°F 
outboard  surface  temperature  and  the  vacuum  necessary  for  tempera¬ 
ture  uniformity  and  repeatability.  Hence,  a  vacuum  of  1  psi  was 
maintained  for  all  subsequent  tests.  Higher  vacuum  to  10  psi 
showed  no  significant  advantage  in  temperature  uniformity.  Although 
the  heating  response  obtained  approached  the  desired  rate  of  260°F 
in  six  minutes,  no  method  for  quick  cooling  was  possible.  Hence, 
temperature  cyclic  tests  were  not  conducted. 

b .  Test  Procedure 

After  the  thermal  system  was  finalized,  a  standard  test  plan  was 
devised.  Table  XIII  shows  this  proposed  test  scheme  that  was 
standardized  by  actual  tests  of  the  expendable  all-plastic  wind¬ 
shield  No.  22.  Tests  1,  2,  3,  5,  and  6  are  similar  to  tests 
conducted  on  15"  samples  in  Task  I. 
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TABLE  XIII  -  TEST  PLAN 


TEST  NO. 

PRESSURE  (PSI) 

TEMPERATURE  (°F) 

TIME  (MIN.) 

CYCLES 

1 

16-20 

Room  Temp. 

30 

1 

2 

12.5 

260 

15 

1 

3 

12.5 

300 

10 

1 

4 

12.5 

260 

15 

1 

12.5 

340 

5 

1 

5 

12.5 

340 

10 

1 

6 

12.5 

360 

10 

1 

7 

12.5 

Room  Temp. 

5 

10 

8 

12.5 

360 

5 

5 

9 

12.5 

360 

5 

10 

For  each  test  as  outlined  above  the  windshield  was  attached  to  the  pressure 
fixture  with  conventional  fasteners.  The  3/16"  screws  along  the  arches 
were  tightened  to  achieve  contact  between  the  part  and  fixture.  The  1/4" 
bolts  along  the  rails  were  tightened  to  a  torque  of  50  inch-pounds.  The 
prescribed  F-lll  torqulng  procedures  were  followed.  The  bulld-up  was  then 
accomplished  as  detailed  in  Figure  35.  After  making  all  the  required 
connections,  actual  tests  were  conducted. 

Before  each  static  test  the  heating  blanket  enclosure  was  subjected  to  the 
maximum  vacuum  of  5  to  10  psig.  After  all  leaks  were  sealed,  the  vacuum 
in  the  outboard  enclosure  was  reduced  to  1  psig.  At  the  beginning  of  each 
static  test,  the  prescribed  internal  cavity  was  pressurized  to  the  prescribed 
load  of  12.5,  16  or  20  psig.  This  pressure  was  maintained  throughout  each 
test.  The  heating  blanket  was  energized  to  heat  the  outboard  surface  at 
the  maximum  rate.  Depending  on  the  actual  prescribed  temperature  level, 

It  was  achieved  within  six  to  ten  minutes.  After  completing  the  prescribed 
exposure  time  at  a  given  temperature  and  pressure,  power  to  the  heating 
blanket  was  turned  off  and  the  pressure  in  the  chamber  was  relieved.  The 
outboard  thermal  system  was  then  dismantled  to  enhance  cooling.  After  an 
inspection  of  the  part,  the  thermal  system  was  replaced  for  the  next  test. 


c.  Sample  Description 

Figures  31  and  32,  Section  11-5,  show  the  design  of  the  two  left-hand 
windshields  tested.  Based  on  the  results  of  Task  I,  two  windshields 
were  made:  an  all-plastic  windshield  with  acrylic  fused  to  1/8" 
polycarbonate  as  the  outboard  ply  and  a  windshield  with  glass  as 
both  facing  plies.  To  enhance  fabrication,  an  aluminum  spacer  was 
utilized  on  the  all-glass  design,  panel  No.  29.  Each  windshield  had 
iron-constantan  thermocouples  embedded  within  the  Interlayers.  These 
thermocouples  were  positioned  at  the  geometric  center. 

Prior  to  the  actual  tests,  1/8"  strain  gages  were  applied  to  the 
Inboard  surface  at  critical  locations  as  shown  in  Figure  36.  Because 
of  the  strain  gage  adhesive  limitations,  no  gages  were  applied  to  the 
outboard  surface.  The  temperature  at  various  locations  on  both 
surfaces  was  measured  by  attached  thermocouples.  These  thermocouple 
locations  are  also  shown  on  Figure  36. 

d.  Test  Set-Up 

Figure  37  shows  the  complete  windshield  test  set-up.  The  uniform 
contact  of  the  blanket  to  the  outboard  surface  of  windshield  No.  28 
can  be  noted  by  the  conformance  of  the  outside  rubber  sheet.  The 
deflection  of  the  windshield  was  determined  from  the  gage  mounted  at 
the  center  of  the  panel.  In  order  to  achieve  access  to  the  outboard 
surface  of  the  windshield,  a  hole  was  designed  in  the  blanket. 
Although  this  hole  permitted  deflection  measurements,  it  drastically 
reduced  the  thermal  capability  of  the  blanket  in  the  central  area. 
Hence,  temperatures  as  sensed  by  the  embedded  thermocouples  were 
erratic  and  not  valid  maximums  for  the  particular  interlayers.  The 
temperature  controller,  temperature  recorder  and  strain  recorder  are 
in  the  background.  The  valve  at  the  right  foreground  was  used  to 
control  the  vacuum  in  the  heating  system  enclosure. 

e.  Test  Results 

Results  of  the  thermal /pres sure  tests  are  tabulated  on  Table  XIV. 
All-plastic  panel  No.  28  successfully  withstood  20  psi  internal 
pressure  for  30  minutes  without  any  adverse  effects.  A  creep  of 
.008"  occurred  at  this  pressure  hold  with  deflections  increasing 
from  .228  to  .236".  The  maximum  stress  did  not  exceed  1000  psi. 
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OUTSIDE  VIEW 


•  OUTBOARD  THERMOCOUPLE  ONLY 
H  STRAIN  GAGE 


FIGURE  36.  STRAIN  GAGE  AND  THERMOCOUPLE  LOCATIONS 
ON  WINDSHIELDS  NO.  28  AND  29  SUBJECTED 
TO  THERMAL  /  PRESSURE  TEST. 
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The  first  temperature  exposure  test  to  a  maximum  of  260°F  as  measured 
in  the  aft  arch  region  for  a  total  time  of  18  minutes  caused  consider¬ 
ably  more  creep  approaching  .10".  At  the  beginning  of  the  actual  test 
the  inboard  acrylic  ply  cracked.  This  fracture  originated  at  the  edge 
near  the  center  of  the  aft  arch  and  traveled  across  the  panel  to  the 
forward  arch.  Although  no  interlayer  bubbles  or  acrylic  deformation 
were  obtained,  the  silicone  sheet  stained  the  outboard  surface.  This 
stain  corresponded  with  the  heating  element  locations  in  the  blanket. 
Because  of  this  stain,  it  was  not  possible  to  evaluate  effects  on 
optics.  Tn  addition  to  the  stain,  some  small  indentations  were 
produced  in  the  outboard  acrylic  surface  by  small  foreign  particles. 
These  imperfections  were  more  noticeable  after  the  next  test  at  300°F. 
As  further  increases  in  temperature  were  achieved,  the  stained  areas 
were  found  to  be  slightly  depressed  beic*.:  the  adjacent  surface. 

Bubbles  did  not  develop  in  the  outboard  interlayer  until  the  acrylic 
surface  was  exposed  to  360°F  for  15  minutes.  During  this  test  (No.  6), 
bubbles  ranging  from  1/8"  to  1/A"  in  diameter  formed  in  the  interlayer 
2"  to  5"  from  the  aft  arch.  This  agrees  well  with  Task  I  results. 

Subsequent  cyclic  pressure  at  the  temperature  of  360°F  produced  many 
more  interlayer  bubbles.  A  total  time  of  120  minutes  at  360°F,  ami 
cyclic  pressure  loading  to  12.5  psi  produced  numerous  bubbles  that 
accumulated  and  consequently  deformed  the  acrylic.  The  panel  continued 
to  bulge  during  this  test  sequence  with  an  initial  deflection  of  .383" 
on  the  first  cycle  and  a  final  deflection  of  .6A4"  on  the  tenth  cycle. 
Based  on  the  outboard  and  inboard  temperatures,  the  outermost  inter¬ 
layer  was  above  300°F. 

Results  for  the  alternate  design  (glass  both  sides)  were  somewhat 
better.  After  no  effects  were  caused  by  the  first  two  tests  at  room 
temperature  and  260°F,  delamination  developed  in  the  third  test  at 
300°F.  Delamination  of  the  outboard  glass  ply  from  the  interlayer 
extending  3"  into  the  daylight  opening  developed  along  the  central 
region  of  the  aft  arch.  Subsequent  test  A  produced  an  increase  in 
this  delamination.  However,  a  thermocouple  placed  in  this  region 
indicated  temperatures  in  this  area  were  35-50°  above  the  control 
thermocouples.  Since  the  all-plaetic  panel  did  not  show  any  signi¬ 
ficant  bubbling  in  this  area,  it  was  rationalized  that  this  hot  spot 
was  a  recent  occurrence  and  not  present  during  the  earlier  tests  of 
the  all-plastic  panel  'to.  J8*  The  neat  test  at  3 40° IT  cauiud  a  few 
bubbles  to  form  inside  the  delamination  area.  The  number  of  bubbles 
correspondingly  increased  with  the  360°F  exposure  of  test  6.  Again 
this  agrees  with  Task  I  results.  Bubbles  formed  in  the  glass  face 
panel  before  the  all-plastic  design.  In  this  test  the  aft  arch 
delamination  area  heating  rate  exceeded  the  control  temperature  rate, 
but  the  delamination  area  did  not  substantially  exceed  the  maximum  of 
360°F. 
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The  last  two  tests  caused  more  bubbles  to  form  In  the  outboard  inter¬ 
layer  of  the  glass-plastic  windshield  (panel  No.  29),  but  these  bubbles 
remained  Isolated  and  did  not  grow  and  subsequently  combined  as 
experienced  by  the  all-plastic  panel.  No.  28.  This  better  performance 
without  large  bubbles  for  the  glass-plastic  design  is  attributed  to  the 
rigid  glass  facing,  even  though  the  higher  thermal  conductivity  of  the 
glass  caused  the  interlayer  to  achieve  somewhat  higher  temperatures 
than  the  plastic  panel.  A  comparison  of  the  bubble  formation  and 
associated  effects  for  the  two  designs  is  shown  by  Figure  38.  The 
first  photograph  shows  the  effect  caused  by  bubble  formation  and 
associated  acrylic-clad  polycarbonate  deformation.  Conversely, 
the  let's  severe  damage  of  the  glass-plastic  panel  is  shown  in  the 
second  photograph,  Figure  38(b). 

The  first  cycle  creep  of  .025"  to  .027"  for  the  glass-plastic  design 
was  substantially  more  than  the  all-plastic.  This  was  attributed  to 
a  higher  structural  ply  temperature.  Later  cycles  for  the  glass- 
plastic  design  showed  drastic  reductions  in  creep  with  only  .001" 
in  the  tenth  cycle. 

f.  Discussion 

In  comparison,  bubbles  formed  earlier  in  the  outboard  interlayer  of 
the  glass-plastic  design  No.  29.  This  was  due  to  the  higher  conduc¬ 
tivity  and  smaller  thickness  of  the  outboard  glass  ply  compared  with 
the  acrylic-clad  polycarbonate  ply.  The  outboard  glass  was  .085" 
compared  with  a  total  thickness  of  .185"  for  the  acrylic-clad 
polycarbonate.  Also,  the  inboard  surface  temperature  of  the  glass- 
plastic  panel.  No.  29,  was  consistently  higher  than  the  same 
temperature  for  the  all-plastic  part,  No.  28.  Although  the  glass- 
plastic  design  was  somewhat  higher  in  temperature  than  the  all-plastic 
design,  the  glass-plastic  part  was  more  rigid  with  substantially  less 
creep  than  the  all-plastic  design  for  similar  temperatures.  The 
all-plastic  design  also  exhibited  some  permanent  deformation 
(Increased  curvature) .  The  indentations  and  other  surface  damage 
produced  in  the  acrylic  outboard  ply  indicated  another  potential 
problem  with  this  facing  material. 

In  general,  the  results  indicate  that  the  outermost  interlayer  cannot 
withstand  the  prolonged  constant  temperature  exposure  achieved  by  360°F 
outboard  with  cyclic  prefaure.  This  appears  to  be  true  for  either 
design.  For  the  acrylic-faced  version,  interlayer  bubbles  led  to 
acrylic  deformation  whereas  the  glass-faced  design  problems  were 
delamination  and  bubbles.  However,  it  must  be  remembered  that 
these  tests  were  conducted  without  any  cooling  of  the  inboard 
surface.  Therefore,  extended  exposures  approached  a  steady  state 
condition  with  a  small  gradient  through  the  thickness.  Since  the 
test  set-up  did  not  control  the  interior  cavity  at  75°F  consistent 
with  the  endurance  requirement,  the  actual  tests  were  more  severe 
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FIGURE  38(b).  BUBBLES  AND  ACRYLIC  DAMAGE  IN  ALL-PLASTIC  WINDSHIELD  NO.  28 

CAUSED  BY  THERMAL/PRESSURE  TEST 


than  specified.  Although  this  was  the  case,  it  is  felt  that  neither 
design  would  successfully  pass  the  specified  one  life-time  test, 
especially  with  the  optics  requirement.  In  this  test,  the  glass- 
plastic  candidate  was  better  than  the  all-plastic  with  a  .185"  outer 
combination  of  .060"  acrylic  and  1/8"  PC.  For  an  all-plastic  design, 
a  fused  ply  of  .060"  acrylic  and  3/16"  PC  would  be  required. 
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3.  TASK  II  BIRD  IMPACT  TESTS 


Task  II  bird  impacts  were  made  on  full-size  F-lll  windshields  and 
canopies.  As  in  Task  I,  all  tests  were  made  using  4  lb  birds  fired 
from  the  AEDC  launcher.  As  will  be  discussed  in  some  detail,  various 
impact  locations  and  mounting  conditions  were  employed  for  the  wind¬ 


shield  program.  All  windshield  tests  were  conducted  at  ambient  "room 


temperature"  conditions.  The  canopies,  mounted  in  F-lll  module  hatches, 
were  shot  in  the  forward  arch-beam  corner  in  both  ambient  temperature 
and  low  temperature  gradient  environments. 


The  windshield  portion  of  Task  II  deviated  somewhat  from  the  program 
originally  planned.  Additional  tests  were  required  to  evaluate  the 
effect  of  mounting  structure  and  to  develop  an  optimized  module 
arch-windshield  system  which  would  prevent  penetration  in  the  aft 
beam  corner.  In  order  to  describe  the  total  problem,  this  report 
will  document  not  only  Task  II  bird  impacts,  but  related  tests 
conducted  both  by  the  Air  Force  and  by  PPG  INDUSTRIES. 


The  preliminary  phase  of  Task  II  included  shots  at  five  windshields 
of  the  Primary  construction  discussed  in  Section  II-5  and  shown  in 
Figure  31.  Panels  were  mounted  in  a  rigid  test  frame,  shown  in 
Figure  39,  and  oriented  to  simulate  the  module  installation.  The 
goal  of  this  series  was  to  establish  the  worst  impact  location  and 
to  verify  the  Task  I  design  recommendations.  Impacts  were  made  in 
the  center,  along  the  beam  close  to  the  forward  arch,  and  in  the 
aft  arch-beam  corner.  Figure  40  summarizes  the  locations  and  results 
while  detailed  comments  can  be  seen  in  the  data  sheets  for  WT-39  through 
WT-43  in  Appendix  1. 


Before  discussing  the  effect  of  mounting  and  impact  location,  some 
conclusions  were  drawn  about  the  windshield  construction  which  related 
to  the  basic  Primary  design. 


1. 


The  main  structural  plies  of  .125"  and  .188"  PC  provided  a  high 
level  of  impact  resistance,  particularly  in  the  panel  center 
where  plastic  deformation  was  a  maximum. 


2. 


The  facing  ply  of  fused  .060"  as-cast  acrylic  and  .125"  PC  acted 
as  a  single  brittle  ply,  as  expected,  but  did  not  lead  to  any 
structural  failure  during  impact.  As  a  result,  a  facing  ply  of 
.060"  acrylic  and  .188"  PC,  which  showed  promise  for  thermal 
resistance,  was  recommended  to  be  tested  for  bird  impact  effects. 


3. 


Under  impact  in  the  500  knot  range,  the  inboard  acrylic  cracked 
but  was  held  by  the  interlayer.  Near  the  goal  of  Mach  1.2, 
impacts  led  to  large  localized  deflections  which  caused  minor 
spalling  of  several  small  pieces  of  the  acrylic  from  the  bulged 


area. 
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Even  with  the  extreme  local  bulging  from  high  speed  impacts,  there 
was  no  crack  propagation  from  the  inboard  acrylic  through  the 
innermost  .090"  112  interlayer.  Therefore,  this  interlayer  was 
reduced  to  .060"  to  partially  offset  the  addition  of  .062"  PC 
in  the  facing  ply. 

4.  The  edge  system  in  general,  and  the  retainer,  bushings,  bolts  and 
ply  reinforcement  in  particular,  perfoimed  their  required  tasks, 
indicating  no  need  for  modification  at  that  time. 

5.  As  expected,  large  center  deflections  were  experienced  with  thin 
laminated  cross-sections. 

The  more  important  factor  in  these  tests,  which  had  an  effect  on 

program  direction,  was  related  to  impact  location  and  mounting 

structure. 

1.  The  primary  windshield  construction  provided  different  protection 
levels  ranging  from  the  goal  of  Mach  1.2,  for  impacts  near  the 
center  to  below  the  500  knot  requirement  in  the  aft  arch-beam 
corner,  which  was  established  as  the  worst  location.  The  forward 
arch-beam  corner  was  also  shown  to  be  a  problem  area  with  an 
impact  resulting  in  extensive  shearing  of  the  PC  structural  plies 
but  no  bird  tissue  penetration. 

2.  Shearing  of  the  polycarbonate  structural  plies  was  related  to  the 
proximity  of  impact  location  to  a  restraining  edge  or  edges.  This 
observation  reemphasized  the  potential  for  panel  failure  due  to 
restraining  by  the  gun  sight.  It  was  recommended  that  a  test  with 
an  actual  Lead  Computing  Optical  Sight  (LCOS)  be  made.  This  was 
accomplished  under  Air  Force  auspices,  and  is  discussed  in 
Appendix  3. 

3.  High-speed  motion  pictures  showed  that  there  was  negligible 
deflection  of  the  frame  during  shot  WT-43  in  the  aft  arch-beam 
corner.  The  use  of  a  stiff  frame  was  chosen  for  durability  and 
to  place  maximum  load  on  the  transparency.  However,  in  retro¬ 
spect  it  is  now  generally  agreed  that  this  approach  may  be 
acceptable  for  center  shots  but  it  is  very  unrealistic  for 
determining  actual  penetration  resistance  in  a  location  which 
will  ultimately  be  mated  to  an  existing  airframe  structure. 
Experiences  outside  of  but  associated  with  this  program  confirmed 
that  different  results  could  occur  with  aft  beam  corner  impacts 
on  windshields  in  different  mounting  structures: 
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(a)  In  July  1972,  PPG  conducted  tests  at  ambient  temperature  with 
4  lb  birds  on  full-sized  F-lll  windshields  similar  in  cross- 
section  to  9030-13A  (WT-9)  with  as-cast  acrylic  outboard. 

The  windshields  were  mounted  in  a  frame,  shown  in  Figure  41, 
which  was  less  rigid  than  the  second  generation  frame  used 

in  the  preliminary  Task  II  tests.  In  the  PPG  tests,  a  wind¬ 
shield  was  not  penetrated  by  a  495  knot  impact  approximately 
6"  from  the  beam  edge  and  14"  from  the  aft  arch  edge.  High¬ 
speed  motion  pictures?  show  more  frame  deflection  than  with 
WT-43. 

(b)  In  November  1972,  the  Air  Force  made  4  lb  bird  impacts®  on 
two  windshields  of  the  same  basic  construction  as  discussed 
in  (a) .  The  windshields  were  mounted  in  a  standard  F-lll 
crew  module,  i.e.,  without  any  modification  to  the  trans¬ 
parency  support  structure.  A  531  knot  impact  approximately 
8"  from  both  the  beam  and  aft  arch  caused  a  section  of  the 
arch  mounting  structure  to  fail,  resulting  in  penetration  by 
the  bird.  In  this  test,  designated  FM-2,  the  windshield 
itself  was  not  penetrated  and  its  structural  damage  was 
limited  to  tearing  of  bolt  holes  in  the  area  of  arch  failure. 
The  extensive  failure  of  the  module  arch  led  to  a  program, 
awarded  to  McDonnell  Douglas  under  Contract  F33615-73-C-3142, 
to  develop  a  suitable  arch  reinforcement  which  is  documented 
in  AFFDL-TR- 74-40. 

With  the  flexible  frame  and  module  test  results  in  mind,  it  was 
decided  that  the  primary  Task  II  windshield  construction  should  be 
checked  in  a  more  realistic  structure  before  design  changes  were 
undertaken.  To  do  this,  a  corner  impact  (WT-44)  was  made  on 
windshield  9030-25  mounted  in  a  module  as  in  Figure  42,  with 
arch  stiffening  suggested  by  McDonnell  Douglas  and  fabricated 
by  AEDC.  As  indicated  by  the  data  sheet  in  Appendix  1,  a  corner 
shear  failure  at  503  knots  was  similar,  although  less  severe  than 
the  previous  failure  of  9030-24  (WT-43) ,  which  was  impacted  at 
509  knots  in  the  rigid  test  frame.  Sections  were  cut  from  these 
windshields  and  returned  to  PPG  Class  Research  for  an  immediate 
failure  analysis  to  assist  in  selecting  possible  solutions  to 
these  edge  shearing  failures. 


?PPG  Technical  Proposal  AC-113072,  Scenes  10  and  11,  November  30,  1972. 


FIGURE  41.  PPG  TEST  FRAME  USED  DURING  IN-HOUSE  TEST  AT  NRC 
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Module  Impact  (WT-44) 


The  primary  fracture  occurred  in  the  3/16"  PC  (inside)  ply  along 
the  aft  edge.  The  origin  was  approximately  3"  long  in  line  with 
the  edge  of  th«.  'ch  mounting  surface.  It  was  located  completely 
between  the  second  and  third  gussets  which  had  been  used  by  AEDC 
to  stiffen  the  arch  reinforcement.  The  fracture  started  from  the 
inside  surface  next  to  the  arch  ledge,  and  was  apparently  a  shear 
failure. 

A  secondary  fracture  in  the  3/16"  PC  originated  in  the  aft  beam 
corner.  The  origin,  like  the  primary,  was  located  on  the  inside 
surface.  The  fracture  face  of  the  origin  indicated  a  low  stress 
failure  which  Implies  that  this  corner  offered  little  resistance 
to  the  impact  load.  It  should  be  noted  that  this  corner  failure 
was  not  the  result  of  the  projecting  first  gusset  which  contacted 
the  inside  surface  during  impact.  This  restraint  did  result  in 
a  local  failure  but  it  was  not  related  to  the  three  primary 
failure  origins  in  the  3/16"  PC  ply. 

The  third  failure  in  the  3/16"  PC  ply  was  along  the  aft  arch,  11" 
from  the  beam  corner.  Unlike  the  primary  origin,  this  was  not 
located  directly  in  line  with  the  edge  of  the  arch  ledge  but  was 
approximately  1/8"  aft  from  this  line.  A  second  difference  was 
that  the  origin  occurred  on  the  impact  side  of  the  3/16"  ply. 

The  fracture  face  exhibited  some  plastic  deformation  before 
failure,  indicating  some  resistance  to  the  Impact. 

The  fractures  in  the  3/16"  ply  were  stopped  by  the  112  Interlayer 
separating  the  two  extended  plies.  This  permitted  the  1/8"  PC 
ply  to  carry  some  of  the  impact  load  before  being  overpowered  by 
the  impact.  The  large  amount  of  yielding  prior  to  failure,  plus 
the  fact  that  the  origin  was  located  on  the  impact-facing  (tension) 
surface,  indicate  that  this  ply  carried  more  bending  and  tensile 
load  then  the  3/16"  ply.  This  is  also  borne  out  by  the  amount  of 
deformation  around  bolt  holes  4-11  in  the  1/8"  PC  which  is  not 
present  in  the  3/16"  PC  ply. 

Frame  Impact  (WT-43) 

The  fracture  origin  of  the  3/16"  PC  in  windshield  9030-24  was 
along  the  aft  edge  at  the  arch  end  of  the  beam  corner  radius. 

It  occurred  on  the  inside  surface  (next  to  the  mounting  surface), 
in  line  with  the  outboard  floating  section,  and  probably  started 
from  some  surface  defect  or  damage.  The  rest  of  the  3/16"  ply 
appeared  to  have  provided  some  impact  resistance  which  resulted 
in  tearing  along  the  support  frame  with  origins  on  the  inside 
surface. 
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The  1/8"  PC  fracture  origin  was  located  on  the  impact-facing 
surface  generally  coincident  with  the  main  origin  in  the  3/16" 
ply.  This  ply  did  not  appear  to  have  carried  as  much  load  as 
the  1/8"  ply  in  panel  9030-25.  In  general,  it  was  the  opinion 
that  windshield  9030-24  (WT-43)  in  the  frame  was  slightly  poorer 
in  resisting  the  equivalent  impact  than  9030-25  (WT-44)  tested  in 
the  modified  module. 

The  foregoing  analysis  indicated  a  failure  mode  common  to  both  wind¬ 
shields,  regardless  of  the  support,  which  had  to  be  overcome  to  prevent 
penetration  during  edge  shots.  In  both  cases,  shearing  started  from  the 
inside  surface  of  the  3/16"  PC  structural  ply  at  or  near  the  edge  of  the 
arch  support  surface.  As  a  result,  this  ply  carried  essentially  no  load. 
Although  the  fracture  was  isolated  by  the  112  interlayer,  the  1/8"  PC  ply 
could  not  absorb  the  bulk  of  the  energy  and  it  then  failed. 

Two  routes  were  followed  to  overcome  the  failures  in  the  aft  beam 
corner.  First,  it  was  the  consensus  of  Air  Force,  PPG  and  McDonnell 
Douglas  personnel  that  modification  of  the  rigid  test  frame  to  simulate 
the  El  and  dynamics  of  the  arch  would  be  time-consuming,  expensive  and 
inaccurate  at  a  critical  point  in  the  program.  Therefore,  it  was  decided 
to  combine  the  tests  of  the  transparencies  and  the  interim  arch  modi¬ 
fication  in  a  crew  module.  Second,  two  design  changes  were  considered 
to  overcome  the  shearing  and  excessive  ply  loading. 

1.  Increase  the  bending  radius  over  the  support  by  rounding  the  edge 
of  the  arch  ledge  and  adding  a  metal  support  strip  under  the  wind¬ 
shield  edge  attachment. 

2.  Increase  the  tensile  load-carrying  capability  of  the  extended  edge 
section. 

Figure  43  shows  cross-sections  of  three  windshields  which  incorporated 
the  design  changes  which  were  tested  in  the  module.  The  first  con¬ 
struction  shown  is  essentially  the  same  as  9030-24  and  9030-25  with  the 
exception  of  thicker  PC  in  the  fused  outboard  ply.  The  changes  for  this 
iteration  including  rounding  the  sharp  corner  on  the  existing  arch  section 
and  addition  of  a  .025"  x  1.25"  titanium  support  strip.  The  titanium 
strip,  tapered  as  shown,  was  not  a  load  carrying  part  of  the  edge 
attachment  but  served  to  prevent  shearing  over  the  frame.  The  right- 
hand  windshield  in  the  center  of  the  Figure  had  the  same  overall  thick¬ 
ness  as  the  primary  design  but  with  different  internal  ply  arrangement. 
Here,  the  outboard  fused  ply  included  .125"  PC  while  the  .125"  PC 
structural  ply  in  the  primary  design  was  replaced  with  a  .188"  PC  ply. 

This  panel  had  a  .020"  x  1.625"  301  stainless  steel  support  strip 
between  the  edge  attachment  and  the  module.  The  third  panel  at  the 
bottom  of  Figure  43,  had  no  support  strip  but  contained  a  third  full- 
size  structural  ply  of  .125"  PC.  All  three  designs  continued  to  use 
the  retainer,  epoxy-Nomex  reinforcement  and  RTV  630  used  successfully 
on  the  earlier  windshields. 


100 


THREE  PC  STRUCTURAL 


The  three  revised  windshields  were  te3tad  in  a  crew  module  which,  in 
addition  to  rounding  of  the  mounting  su  face,  ncluded  McDonnell* 
Douglas  interim  arch  fittings.  The  reinforcements  extended  approxi¬ 
mately  13"  from  the  beam  edge  along  the  aft  arch  of  each  panel. 


Detailed  observations  for  the  tests  WT-47  to  -'9  can  be  seen  in  the 
data  sheets  in  Appendix  1.  For  immediate  comparison,  module  impacts 
are  summax ized  in  the  following  Table  XV  while  portions  of  the  panels 
appear  in  jhe  photograph  in  Figure  44. 

As  shown  in  Figure  44,  there  were  improvements  over  WT-44  in  the 
performance  of  windshields  with  two  extended  PC  structural  plies 
(tests  WT-47  and  -49),  even  at  higher  impact  energy.  But,  the 
changes  since  NT-44  were  insufficient  tc  prc/ent  penetration. 

Fracture  analyses  of  sections  of  the  two  windshields  tested  with 
support  sfirips  and  rounded  ends  on  the  arch  mounting  flange  revealed 
that  the  catastrophic  shearing  of  the  inboard  PC  ply  which  occurred 
in  WT-44  had  been  eliminated.  In  WT-47,  the  fracture  of  the  inboard 
PC  ply  began  from  numerous  origins  on  both  surfaces.  In  WT-49,  the 
origins  in  the  inboard  PC  were  from  the  outboard  (tension)  surface. 

In  both  casesj  the  failures  of  the  inboard  PC  were  still  coincident 
with  the  end  of  the  arch  flange.  Th^  outboard  extended  PC  ply  of  both 
windshields  failed  in  tension  from  origins  near  the  bolt  holes.  Over¬ 
all.,  however,  there  was  only  slight  difference  between  WT-47  and  -49 
insofar  as  the  extent  of  impact  damage  experienced. 

All  windshield  shots,  of  course,  were  influenced  by  the  performance 
of  the  arch  rainforcement  supplied  by  McDonnell  Douglas.  In  light 
of  the  slight  deformation  of  the  arch  in  the  impact  area,  it  was 
apparent  that  the  rigidity  of  the  modified  arch  influenced  the  extent 
o  failure  in  WT-47  and  -49.  The  critical  role  played  by  the  arch 
waa  demonstrated  by  WT-50  which  repeated  the  conditions  of  Air  Force 
module  test  FM-2,  discussed  previously,  with  the  exception  of  the 
additional  arch  support.  In  FM-2,  the  "old"  windshield  with  no  edge 
reinforcement  was  not  penetrated,  but  a  section  of  the  arch  failed, 
permitting  much  of  the  bird  to  enter  the  module.  In  WT-50,  the  same 
windshield  construction  which  survived  in  FM-2  was  penetrated  with 
more  severe  damage  than  any  of  the  sections  shown  in  Figure  44  It 
was  apparent  that  a  better  windshield/arch  combination  was  necessary 
between  she  extremes  of  FM-2  and  WT-50.  Toward  this  end,  McDonnell 
recommended  that  .070"  be  milled  off  the  inboard  surface  of  the  flange 
of  the  left-hand  interim  fitting  for  subsequent  testing. 

A  windshield  with  a  third  extended  ply  of  .125"  PC  survived  a  520  knot 
impact  in  the  aft  beam  corner  in  WT-48.  The  impact  resulted  in  no 
serious  structural  damage  to  the  transparency  (see  Figure  44)  or 
reinforced  arch.  Therefore,  a  windshield/arch  combination  existed 
which  met  the  bird  impact  requirement  in  the  worst  location.  At 
61.3  lbs,  this  design  was  within  the  contract  weight  requirement  but 
other  difficulties,  such  as  interfacing  with  mold  line,  low  light 
transmittance,  and  an  exposed  inboard  PC  ply,  indicated  a  need  for 
optimization. 
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TABLE  XV  -  SUMMARY  OF  INITIAL  CORNER  IMPACTS  IN  MODULE 


WINDSHIELD  SECTIONS;  NOMINAL  500  KT.  IMPACTS  IN  F-lll  MODULE 


Following  the  work  discussed  above,  a  review  was  held  between  PPG, 
McDonnell  Douglas  and  the  Air  Force  to  discuss  the  results  and 
coordinate  future  activity.  Since  optimized  arch-windshield 
combinations  needed  to  be  evaluated  for  impact  resistance  in  the 
aft  beam  corner,  the  final  iterations  were  made  on  the  three 
remaining  Task  II  windshields.  These  tests  were  made  in  lieu  of 
the  temperature  extreme  windshield  shots  which  were  included  in 
the  Test  Plan  but  deleted  at  the  instruction  of  the  Air  Force. 

Two  of  the  windshields  proposed  for  final  Task  II  bird  impacts  were 
three  PC  ply  windshields  which  had  thinner  edge  sections  than  9030-33 
but  included  .060"  as-cast  acrylic  inboard  for  maximum  durability. 
These  designs,  shown  in  Figure  45,  provided  a  direct  comparison  with 
9030-33  (WT-40) ;  therefore,  the  basic  edge  attachment  and  facing  ply 
section  were  retained.  In  Figure  45,  (1)  is  the  aluminum  retainer 
and  (2)  is  the  .020"  x  2"  epoxy-Nomex  reinforcement  used  before.  A 
titanium  support  strip  (3)  was  placed  between  the  panel  and  the 
mounting  surfaces  to  increase  the  bending  radius. 

The  final  windshield  design  incorporated  changes  in  the  two  PC  ply 
design  intented  to  strengthen  the  edge  in  the  critical  aft  beam 
impact  area.  As  can  be  seen  in  Figure  46,  a  .025"  ::  2"  titanium 
insert  (3)  was  added  between  the  epoxy-Nomex  straps  (2)  along  the 
beam  and  aft  arch.  Along  the  rear  arch,  the  inboard  reinforcement 
(4)  was  .025"  titanium  rather  than  the  .020"  epoxy-Nomex  used 
elsewhere.  Other  than  a  titanium  support  strip  (5),  these  streng¬ 
thening  items  were  not  used  on  the  forward  arch  and  sill  of  this 
panel  because  of  the  reduced  bird  impact  severity,  to  simplify 
fabrication  and  to  reduce  weight.  In  addition,  the  .125"  and 
.188"  plies  were  reversed  from  9030-31  and  previous  panels.  The 
purpose  of  this  was  to  minimize  the  impact  bending  stress  of  the 
inboard  ply  and  increase  the  tensile  load-carrying  capability  of 
the  outboard  (now  .188")  ply. 

Since  an  optimized  windshield, arch  combination  was  desired,  the 
three  windshields  were  matched  with  three  levels  of  arch  reinforce¬ 
ment.  Two  of  the  combinations  are  shown  in  Figure  45,  while  Table  XVI 
lists  in  sequence  the  windshields  and  arches  that  were  evaluated  in 
the  series,  with  the  results  for  each. 
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MILLED  INTERIM 
ARCH  FITTING 


TABLE  XVI  -  FINAL  WINDSHIELD  TESTS  -  TASK  II 


Panel 

Test  Construction  Arch  Reinforcement  Speed  Result 

WT-53  Medium  3-Ply  (Used)  -  Not  milled,  516  KT  OK 

Hi-Loks  removed. 

Added  section* 

WT-54  Thin  3-Ply  (Used)  -  Milled  with  521  KT  OK 

all  fasteners  in 
place. 

WT-59  "Primary"  with  (New)  -  Milled  with  458  KT  Failed 

1/8"  and  3/16"  corner  Hi-Loks 
plies  reversed  removed. 

*See  text 

Both  windshields  with  three  PC  structural  plies  survived  aft  beam 
corner  impacts  from  4  lb  birds  at  516  knots  and  521  knots.  Support 
included  the  same  McDonnell  Douglas  interim  fitting  as  used  in  WT-49 
and  WT-50  with  two  changes.  First,  the  corner  Hi-Lok  fasteners  were 
removed.  Also,  a  second  reinforcement  had  been  added  to  strengthen 
the  arch  flange  which  had  cracked  during  previous  shots.  This  fitting, 
fabricated  by  AEDC/ARO  with  McDonnell  Douglas  engineering  support, 
including  .25"  steel  webs,  began  at  the  end  of  the  McDonnell  interim 
fitting  and  extended  support  7 . 6"  farther  down  the  arch.  With  this 
combination,  there  was  more  residual  indentation  of  the  inboard  PC 
ply  in  line  with  the  arch  mounting  flange  than  occurred  with  WT-48. 
However,  there  was  sufficient  rotation  of  the  arch  and  support  by 
the  titanium  edge  attachment  strip  (which  deformed  enough  to  crack) , 
that  no  PC  shearing  occurred. 

For  WT-54,  the  horizontal  leg  of  the  left-hand  fitting  was  milled 
at  PPG  INDUSTRIES,  Works  No.  5,  to  reduce  its  thickness  from  .200" 
to  a  nominal  of  .130".  In  contrast  to  WT-53,  the  corner  Hi-Lok 
fasteners  were  used  for  WT-54.  With  this  combination  of  arch 
reinforcement  and  the  thinner  windshield  with  three  PC  structural 
plies,  a  relatively  high  energy  impact  was  defeated.  There  was  no 
serious  structural  damage  to  the  windshield.  There  was  more 
permanent  rotation  and  deflection  of  the  arch  than  with  any  previous 
successful  corner  impact.  As  a  result  of  this  damage  plus  the 
cumulative  effects  of  two  previous  shots  on  the  left-hand  side,  it 
was  the  consensus  of  PPG,  McDonnell  Douglas  and  the  Air  Force 
representatives  that  another  test  should  be  made.  It  was  decided 
to  replace  the  arch  while  AEDC  attempted  to  straighten  the  titanium 
arch  reinforcements.  Reworking  of  the  interim  arch  fittings  proved 
unsuccessful  and  a  new  milled  reinforcement  was  manufactured  for 
WT-59,  the  final  windshield  shot. 


--•  'Vi  •  .  v~"rv> 


In  spite  of  the  design  changes  discussed,  plus  a  more  flexible 
mounting,  the  aft  beam  corner  impact  area  of  9030-38  was  penetrated 
at  a  lower-than-requested  bird  speed  of  458  knots.  The  failure,  if 
anything,  was  more  severe  than  the  previous  shots  on  two-ply  designs. 
Analysis  of  the  failure  showed  that  the  design  was  overpowered, 
exceeding  the  ultimate  strength  of  the  extended  PC  plies. 


WT-59  completed  the  Task  II  windshield  bird  impacts  which  included 
nine  shots  in  the  critical  aft  beam  corner.  Because  of  the  importance 
of  the  corner  impacts  in  the  test  program  and  in  service.  Table  XIII 
summarizes  all  such  tests  including  those  which  were  part  of  inde¬ 
pendent  PPG  and  Air  Force  programs. 


In  summary,  the  main  Task  II  windshield  test  effort  involved  bird 
impact  optimization  of  not  just  the  windshield,  as  defined  in  the 
Statement  of  Work,  but  of  an  interrelated  windshield-arch  system. 
Conclusions  drawn  from  this  program  of  aft  beam  corner  impacts  on 
windshields  in  modified  modules  affected  not  only  Task  III  wind¬ 
shield  recommendatr.jns,  but  the  overall  retrofit  effort. 


1.  An  outer  fused  ply  of  .060"  as-cast  acrylic  and  .188"  PC, 
dictated  by  thermal  requirements,  would  not  adversely  affect 
bird  resistance. 


2.  Designs  with  two  extended  PC  plies  were  not  capable  of  sustaining 
aft  beam  corner  Impacts  without  penetration.  All  demonstrated  a 
mode  of  failure  with  shearing  of  the  innermost  extended  ply  which 
caused  tensile  failure  of  the  other  ply. 


3.  Panels  with  three  extended  PC  plies  did  meet  the  500  knot 

requirement  in  the  aft  beam  corner.  In  most  cases,  the  three 
ply  designs  exceeded  mold  line  at  the  edges,  implying  the  need 
for  aerodynamic  fairings. 


4.  A  titanium  or  stainless  steel  support  strip  between  the  wind¬ 
shield  and  mounting  surface  tended  to  reduce  edge  shearing. 


5.  Edge  shearing  was  also  reduced  by  grinding  the  top  center  of  the 
mounting  surfaces  in  the  module  to  Increase  the  bending  radius. 


6.  Windshield  arch  reinforcement  was  as  critical  to  bird  impact 
resistance  as  design  of  the  windshield  itself.  An  optimized 
level  of  stiffness  was  necessary  between  limits  which  caused 
either  transparency  or  arch  failure. 


MM 


Optimization  of  system  to  meet  specific  requirements  (aft 
corner  impacts)  required  actual  hardware  rather  than  test 


beam 

frames. 
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WT-44  2  PC  ply  edge  Module  with  Failed  @  503  KT  Shearing  in  line  with 

9030-25  gusseted  arch  edge  of  mounting  flange 

reinforcement 
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Initial  Task  II  bird  impact  tests  were  made  on  full-size  prototype 
canopies  of  the  constructions  in  Figure  34  in  Section  II-5.  Because 
of  the  limited  projected  area  of  the  F-lll  canopy  in  the  installed 
position,  impact  points  were  based  on  those  used  for  the  Air  Force's 
FM  series, 9  but  approximately  2"  closer  to  the  canopy  center  beam. 

Both  canopies  were  mounted  in  standard  F-lll  hatches.  As  the  data 
sheets  for  WT-51  and  -52  in  Appendix  1  show,  the  canopies  prevented 
penetration  at  509  knots  and  684  knots.  The  high-speed  shot  at 
Mach  1.04  resembles  windshields  tested  under  similar  conditions  with 
a  residual  bulge  and  minor  acrylic  spall  from  the  end  of  the  bulge. 

For  the  500  knot  requirement  in  the  FM  series  location,  the  cross- 
section  can  be  expected  to  be  more  a  function  of  weight  or  structural/ 
thermal  and  durability  considerations  than  strictly  bird  impact 
resistance. 

The  possibility  of  weight  reduction  and  low  temperature  impact 
resistance  was  considered  in  developing  constructions  for  final 
Task  II  canopy  bird  impacts.  In  this  group,  gross  weight  reduction 
was  proposed  by  elimination  of  the  acrylic  facings  in  favor  of  "hard" 
coatings.  It  was  PPG's  opinion  that  Industry  experience  with  current 
coatings  precluded  the  use  of  current  abrasion  resistant  coatings  on 
the  outboard  surface.  However,  two  panels  with  minimum  weight  and 
thickness  were  included  with  coatings  inboard.  Shown  in  Figure  47, 
9031-39  and  -40  have  a  thin  abrasion  ply  of  as-cast  acrylic  outboard 
and  0-1  650  coating  inboard.  0-1  650  yielded  maximum  adhesion  to 
the  substrate  in  Task  I  tests,  but  with  some  PC  embrittlement.  In 
Task  I,  a  26"  x  26"  flat  panel,  9031-3A  with  O-I  650  inboard,  survived 
a  497  knot  impact  (WT-36),  with  no  damage  to  the  inboard  PC  ply.  It 
should  also  be  noted,  however,  that  based  on  Task  I  thermal  tests, 
the  .060"  acrylic  facing  section  would  probably  not  meet  the  contract 
thermal/pressure  requirements. 

High  temperature  exposures  under  this  contract  and  the  AEDC  wind 
tunnel  tests  sponsored  by  the  Air  Force  showed  that  maximum  temperature 
resistance  was  provided  by  fused  acrylic  and  PC.  Canopy  9031-41  was 
heavier  than  -39  and  -40  (36.6  lbs  versus  25.9  lbs  panel  weight)  but 
promised  better  thermal  resistance.  The  bottom  cross-section  in 
Figure  47  shows  a  design  with  maximum  abrasion  and  thermal  resistance, 
but  also  maximum  weight  at  39.4  lbs.  Since  this  design  was  closest 
to  the  windshield  construction,  it  was  selected  for  initial  impact 
testing  at  low  temperature. 


^Ibid,  Figure  11,  p.  21. 


030  112 
125  PC 


"Id  09C 
211  0£( 


As  can  be  seen  in  the  data  sheets  for  WT-55  and  WT-56  in  Appendix  1, 
9031-41  and  9031-40  survived  nominal  500  knot  room  temperature  impacts. 
Although  successful,  the  general  condition  of  the  canopies  and  the 
cracking  of  PC  plies  indicated  that  these  panels  were  close  to  their 
penetration  limits.  Two  factors  may  have  accentuated  the  damage. 

First,  the  strikes  were  closer  to  the  beam  edge  than  during  preliminary 
shots.  Second,  the  PC  cracking  may  have  been  related  to  the  time- 
temperature  exposure  of  the  PC  during  cure  of  the  0-1  650.  The  coating 
itself  did  not  act  as  a  source  of  PC  fractures  even  though  it  exhibited 
typical  strain-induced  brittle  cracking  in  areas  of  maximum  deflection. 
Canopy  9031-41  exhibited  a  sharp,  nonuniform  bulge  in  the  impact  area 
due  to  failure  of  the  outboard  structural  PC  ply.  Post  test  analysis 
of  the  panel  indicated  that  the  unusual  failure  may  have  been  the 
result  of  a  crack  in  the  fused  ply  propagating  through  a  thin 
(approximately  .020")  area  of  the  outermost  112  interlayer. 

The  purpose  of  the  final  Task  II  canopy  tests  was  to  evaluate  the 
penetration  resistance  under  -30°F  outboard  ambient  to  +75°F  inboard 
ambient  temperature  gradient  conditions.  Both  shots  were  marred  by 
equipment  and  facility  problems  indicated  on  the  data  sheets  in 
Appendix  1. 

The  first  If  ,  temperature  gradient  test  was  made  on  9031-42,  the 
canopy  design  most  like  the  two  PC  ply  windshields.  After  difficulties 
in  obtaining  the  proper  outboard  ambient  temperature,  equipment  changes 
by  AEDC  did  provide  the  required  -30°F  as  measured  by  a  chart  recorder 
which  monitored  all  ambient  and  surface  conditions.  When  the  panel 
reached  steady  state,  it  was  shot  in  the  same  location  as  the  previous 
two  canopy  shots,  i.e.,  8"  from  the  beam,  12"  from  the  forward  arch. 

The  impact  resulted  in  a  penetration  with  a  football-shaped  plug 
blown  Inward.  Inspection  of  the  fractures  shows  that  they  started 
in  the  front  ply  and  continued  through  the  canopy  unimpeded  by  the 
interlayers.  This  is  typical  of  failures  at  temperatures  below  the 
+20°F  to  +10°F  embrittlement  range  of  112  interlayer.  The  shape  of 
the  flap  is  almost  identical  to  that  formed  when  cne  of  PPG's  in-house 
test  windshields  was  penetrated  under  +2°F  soak  conditions. 

After  the  test  it  was  discovered  that  AEDC's  recorder  had  not  been 
calibrated  and  that  indicated  temperatures  were  approximately  11°F 
higher  than  actuals,  so  that  the  outboard  ambient  was  at  least  -39°F. 
The  temperature  gradient  (WT-57,  Appendix  1)  including  the  revised 
surface  temperatures  show  interlayer  temperatures,  particularly 
between  the  structural  plies,  below  the  112  embrittlement  range. 
Therefore,  one  would  expect  penetration  at  these  lower -than-required 
temperatures . 


The  second  low  temperature  canopy  shot,  WT-58,  was  made  on  the  lightest 
canopy  cross-section.  In  this  test,  temperature  measurement  was  not  a 
problem,  but  rather  the  bird  package  struck  part  of  the  temperature 
enclosure  framework  which  did  not  fall  completely  beyond  the  bird’s 
line  of  flight.  As  a  result,  the  actual  impact  point  and  condition 
of  the  bird  package  are  not  known.  In  spite  of  these  factors  which 
would  tend  to  reduce  the  chance  of  penetration,  9031-39  did  exhibit 
some  cracking  through  the  laminate  which  permitted  tissue  to  enter 
the  module.  The  recorded  temperature  for  the  center  112  was  22.6°F 
which,  experience  has  shown,  is  above  the  embrittlement  range  for 
this  interlayer  system. 


It  is  possible  that  the  low  temperature  embrittlement  of  the  112  may 
have  been  accompanied  by  brittleness  of  the  PC.  As  with  the  other 
two  canopies  in  this  series  coated  with  0-1  650,  the  time-temperature 
effect  of  the  230°F  coating  cure  may  have  resulted  in  some  loss  of 
PC  impact  strength  as  in  Task  I. 


For  convenience,  the  six  Task  II  canopy  bird  impacts  are  summarized 
in  Figure  48.  The  following  general  conclusions  were  drawn  from  this 
series,  which  influenced  the  design  recommended  for  Task  III  production. 


1.  Unlike  the  windshield,  the  existing  canopy  hatch  is  an  adequate 
mounting  structure  for  absorbing  bird  impact  loads  on  the  trans¬ 
parency. 


2.  As  found  in  Task  I,  a  pair  of  two  .125"  PC  structural  plies  is 

adequate  to  meet  the  500  knot  bird  impact  requirement.  Protection 
is  possible  close  to  the  goal  of  Mach  1.2. 


High-speed  Impacts  with  attendant  large  deflections  may  cause 
minor  acrylic  spall  from  the  area  of  maximum  bulge.  This 
agrees  with  windshield  conclusions. 


4.  The  use  of  0-1  650  for  inboard  abrasion  protection  may  reduce 
PC  impact  resistance.  However,  quantitative  bird  data  was  not 
obtained . 


The  constructions  tested  will  not  meet  the  500  knot  protection 
requirement  under  -30°F  outboard  ambient  to  +75°F  Inboard 
ambient  temperature  gradient  conditions. 


CONDITIONS:  ALL  CANOPIES  INSTALLED  IN  F-lll  MODULE  HATCHES 
IMPACTS  WITH  4-POUND  BIRDS 
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FIGURE  48,  TASK  II  CANOPY  BIRD  INPACTS 


4.  RECOMMENDED  WINDSHIELD  AND  CANOPY  DESIGNS 

Conclusions  stated  in  the  previous  sections  were  the  basis  of  recommen¬ 
dations  for  Task  III  windshield  and  canopy  designs.  The  basic 
constructions  were  proposed  and  approved  at  a  Program  Review  Meeting 
held  at  Wright-Patterson  Air  Force  Base  in  October  1973. 

The  recommended  Task  III  prototype  windshield  configuration  in 
Figure  49  differs  in  several  important  respects  from  the  Primary 
Task  II  test  design  shown  in  Figure  31.  As  the  aft  arch  section 
shows,  the  most  obvious  is  the  three  PC  structural  ply  construction 
plus  arch  reinforcement  dictated  by  the  aft  beam  impact  loading.  The 
three  .125"  ply  section  was  not  the  thinnest  which  survived  aft  beam 
corner  impacts;  however,  it  was  chosen  because  of  Air  Force  reserva¬ 
tions  about  potential  optics  problems  with  .093"  PC.  For  the.  outboard 
ply.  Task  II  stitic  thermal/pressure  tests  and  Air  Force  wind  tunnel 
work  indicated  that  a  fused  outer  ply  of  .060"  as-cast  acrylic  plus 
.188"  PC  would  provide  the  highest  practical  level  of  thermal  protec¬ 
tion.  As  explained  before,  .060"  as-cast  acrylic  was  selected  as  the 
inboard  facing  surface  to  provide  isolation  of  the  PC  plies  and  to 
overcome  drawbacks  of  state-of-the-art  protective  coatings. 

The  aft  arch  section  in  Figure  49  also  defines  the  edgemember  arrange¬ 
ment  recommended  for  Task  III  windshields.  As  with  Task  II  parts,  an 
outboard  retainer  was  proposed,  but  for  Task  III,  these  were  tapered 
to  facilitate  matching  with  fairings  required  to  blend  the  thicker 
edge  section  with  nominal  mold  line.  The  following  taper  slopes 
were  based  on  McDonnell  Douglas  recommendations. 

1.  Forward  Arch  -  7.5°.  This  angle  permitted  blending  with  the 
forward  arch  fairing. 

2.  Sill  -  10°.  A  larger  taper  was  required  to  clear  sill  fairing 
angle  support.  The  10°  angle  permits  .060"  clearance. 

3.  Aft  Arch  and  Beam  -  5°.  On  the  aft  arch,  the  5°  slope  would 
permit  blending  the  windshield  and  canopy  retainers  via  a 
tapered  filler. 

While  the  beam,  sill  and  forward  arch  retainers  were  flush  with  the 
edge  of  the  fused  facing  ply,  the  aft  arch  incorporated  a  second 
taper  as  shown.  Several  possibilities  were  considered  for  filling 
the  gap  created  by  this  taper  with  the  final  choice  being  a  filler 
of  Product  Research  Company  PR1750  polysulfide.  The  retainers  were 
made  using  2024-T3  aluminum. 
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Structural  reinforcement  for  each  of  the  PC  plies  was  to  be  provided  by 
.020"  epoxy-Nomex  "straps"  bonded  with  nominal  .0L0'  RTV  630  to  the 
inboard  surface  of  each  ply.  This  reinforcement  differed  slightly  from 
that  used  in  the  panel  with  three  .125"  PC  plies  shot  in  WT-53.  However, 
the  reinforcement  arrangement  proposed  for  Task  III  was  used  for  wind¬ 
shield  9030-36  which  survived  a  521  knot  corner  impact  in  test  WT-54. 

By  using  the  single  reinforcement  on  the  second  PC  ply,  the  second 
interlayer  was  reduced  to  .060". 

Other  edge  attachment  items  included  a  .025"  titanium  support  strip  or 
inboard  retainer  attached  superficially  to  the  innermost  strap  to 
provide  bending  support  during  impact  deflection.  Mounting  loads 
between  the  retainer  and  support  strip  were  carried  by  tempered 
aluminum  "bushings." 

In  the  proposed  windshield  design,  the  15  ohms  per  square  coating  was 
to  be  applied  to  the  inboard  (concave)  surface  of  the  middle  PC 
structural  ply.  The  strap  on  this  ply  was  slightly  undersize  to  permit 
the  film  to  extend  beyond  the  daylight  opening.  Grounding  was  via  bus 
bars  to  the  airframe  through  bushings  along  the  aft  arch. 

A  typical  section  of  the  recommended  canopy  design,  presented  at  the 
Program  Review,  can  be  seen  in  Figure  50.  This  basic  design  was 
tested  for  bird  impact  in  Task  II  and  as  discussed  in  the  previous 
part,  the  two  structural  plies  of  .125"  PC  have  proven  more  than 
adequate  in  meeting  the  500  knot  requirement  at  room  temperature. 

As  important  as  bird  impact  in  structural  ply  selection  was  the  870 
lbs/lineal  inch  tensile  edge  loading  requirement.  Tests  indicated 
that  at  260°F  soak,  the  ply  and  reinforcement  arrangement  shown  was 
the  minimum  which  would  provide  the  tensile  load  capability. 

As  with  the  windshield,  the  canopy  used  an  outboard  retainer  to 
distribute  the  mounting  loads  to  the  bushings.  In  order  to  clear 
the  fasteners,  a  maximum  canopy  retainer  slope  of  only  2°  would  have 
been  possible.  Therefore,  a  rectangular  retainer  was  selected  and  a 
chamfer  was  added  to  the  periphery.  In  an  actual  retrofit  application, 
the  forward  arch  chamfer  would  not  be  applied  in  lieu  of  an  additional 
aerodynamic  fairing  to  be  added  to  this  canopy  hatch  between  the 
windshield  and  canopy  transparencies. 

With  the  structural  ply  arrangement  and  edge  reinforcement  fixed,  the 
rest  of  the  cross-section  was  based  on  a  tradeoff  between  surface 
protection  and  weight.  In  the  recommended  design,  PPG  opted  a  maximum 
reasonable  durability.  For  the  same  reasons  as  for  the  windshield,  a 
fused  outboard  ply  was  suggested.  In  this  case,  .060"  as-cast  acrylic 
plus  .125"  PC  would  provide  somewhat  less  protection  than  the  .060"/ 
.188"  combination  used  in  the  windshield,  but  saved  approximately  4  lbs 
per  canopy  over  the  thicker  outer  ply. 
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FIGURE  50.  RECOMMENDED  CANOPY  CONSTRUCTION 


Two  methods  of  inboard  surface  protection  were  considered  for  the 
canopy.  Both  thin  as-cast  acrylic  and  abrasion  resistant  coatings 
were  used  in  Tasks  I  and  II  and  each  have  advantages  and  disadvantages 
as  detailed  elsewhere  in  this  report.  Thin  as-cast  acrylic  was  chosen 
for  the  inboard  facing  ply  because  it  provides  maximum  long-term 
protection  for  the  interior  plies  and  also  because  of  the  numerous 
field  difficulties  being  encountered  with  current  state-of-the-art 
coatings.  At  the  Program  Review,  Air  Force  and  SMAMA  representatives 
concurred  with  this  decision  even  though  it  resulted  in  a  projected 
panel  weight  of  approximately  40  lbs. 

At  Air  Force  request,  the  15  ohms  per  square  gold  film  was  deleted 
from  F-lll  canopies.  This  permitted  a  greater  number  of  Task  III 
prototype  windshields  to  be  produced  with  the  coating  than  originally 
proposed. 
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TASK  III 


1.  INTRODUCTION 

The  objective  of  Task  III  was  the  construction  of  hard  tooling  and 
subsequent  delivery  of  prototype  windshields  and  canopies.  Specifi¬ 
cally,  the  following  parts  were  made  and  delivered  to  the  Air  Force 
for  qualification  testing. 

a.  Structurally  Acceptable  Units 

Ten  windshields  (five  L/H  and  five  R/H)  and  four  canopies  (two 
L/H  and  two  R/H)  were  to  be  delivered  in  which  optics  were  on  a 
best  efforts  basis.  These  parts  will  be  utilized  by  the  Air  Force 
for  bird  impact  qualification  tests.  One  set  of  revised  windshield 
fairings  (P/N  12K3206)  was  also  provided  along  with  this  group. 
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b.  Ready-To-Fly  Units 

Eight  windshields  (four  L/H  and  four  R/H)  and  two  canopies  (one 
L/H  and  one  R/H)  were  to  be  delivered  which  met  all  structural 
requirements  and  also  current  production  optical  requirements. 
Again,  one  set  of  modified  windshield  fairings  was  delivered 
with  this  group. 

The  bulk  of  this  section  of  the  report  will  be  devoted  to  a  description 
of  the  physical  characteristics  of  the  18  windshields  and  6  canopies 
and  how  they  compare  with  contract  requirements. 

Task  III  did  not  include  any  test  work  funded  by  the  contract;  however, 
some  edge  attachment  data  has  been  generated  by  PPG's  on-going  evalua¬ 
tions  and  is  included  here  for  general  information. 


2.  PROTOTYPE  FABRICATION  AND  DELIVERY 


In  practice.  Task  III  was  a  two-stage,  overlapping  effort  of  tooling 
production  and  prototype  part  fabrication.  Modification  of  existing 
tools  or  construction  of  new  hardware  occurred  prior  to  and  concurrent 
with  panel  assembly.  A  specific  discussion  and  list  of  tooling  has 
been  covered  by  other  submissions  to  the  Air  Forced  and  it  will  not 
be  discussed  in  this  Final  Report. 


Most  of  the  questions  about  assembly  and  structural  integrity  were 
answered  in  Task  II;  however,  some  testing  was  done  to  verify  the 
effects  of  changes  between  test  sample  edge  attachments  and  those 
of  recommended  designs. 

Tensile  load  data  generated  in  Tasks  I  and  II  was  based  on  an  edge 
attachment  with  two  polycarbonate  (PC)  structural  plies.  Since  the 
Task  III  windshield  cross-section  incorporated  three  plies  of  .125" 

PC  rather  than  the  .125"  -  .188"  PC  combination,  but  the  same  number 
of  reinforcements,  tensile  tests  were  completed  on  4.8"  x  8"  specimens 
of  both  edge  designs.  Table  XVIII  lists  the  results  for  windshields 
and  canopies  and  provides  a  comparison  with  earlier  data,  showing  that 
comparable  results  were  achieved  at  260°F.  Although  the  windshield 
continued  to  exceed  requirements,  the  canopy  still  was  just  above  the 
ultimate  870  lbs /in  load  requirement  with  little  safety  margin. 

TABLE  XVIII  -  ULTIMATE  TENSILE  LOADING  OF  TASK  III  EDGE  DESIGNS 


Yield 


Ultimate 
(Lbs /In) 


Task  II  W/S  (1/8-3/16  PC)* 
Task  III  W/S  (1/8— 1/8— 1/8  PC) 

Task  II  C/P  (1/8-1/8  PC)* 
Task  III  C/P  (1/8-1/8  PC) 

♦From  Table  IV 


^Letter  from  J.  F.  Wilson,  PPG,  to  H.  A.  War  t,  Jr.,  WPAFB,  dated  28  March 
1974,  Subject:  Contract  No.  F33615-74-C-3077  Developmental  F-lll  Wind¬ 
shields  and  Canopies. 
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Although  physical  characteristics  of  Task  II  test  panels  were 
evaluated.  Task  III  prototypes  were  the  first  to  include  a  complete 
documentation,  particularly  on  the  three  PC  ply  windshield  design. 

From  lask  II,  it  was  apparent  that  prototypes  produced  under  this 
contract  would  not  meet  the  contract  distortion  and  deviation  require¬ 
ments  which  were  even  more  stringent  than  those  imposed  on  current 
production  parts.  This  was  discussed  at  the  October  1973  Program 
Review  and  at  that  meeting,  verbal  go-ahead  was  given  to  use  current 
F-lll  production  optical  requirements  for  distortion  and  deviation 
as  the  criteria  for  evaluating  Task  III  optics.  Therefore,  the 
distortion  and  deviation  data  presented  in  Tables  XIX,  XX  and  XXI 
are  based  on  these  criteria.  The  Tables  present  pertinent  information 
on  optical  and  structural  panels  grouped  as  specified  in  the 
Introduction. 

Task  III  optical  windshields  met  the  numerical  requirements  of 
Sections  5.1,  Optical  Distortion,  and  5.3,  Optical  Deviation,  of  the 
current  Acceptance  Test  Procedure  (ATP)  for  F-lll  Windshields  and 
Canopies . ^ 

These  windshields  did  not  meet  the  subjective  interpretation  of 
Section  5.2,  Visual  Optical,  which  relates  to  immediately  apparent 
bending,  blurring,  divergency,  convergency  or  jumping  of  grid  lines. 
The  number  of  specific  exceptions  per  panel  has  been  included  in  the 
"comments"  columns  of  Tables  XIX  and  XX.  They  range  from  2  to  9  cases 
with  the  R/H  panels  generally  better  than  L/H  parts,  due  primarily  to 
the  relative  quality  of  laminating  tooling.  Figures  51  and  52  show 
gridboard  photos  of  two  windshields  which  demonstrate  both  the  type  of 
optical  defects  and  generally  distortion-free  center  panel  areas 
encountered  in  the  orototype  windshield  development.  Figure  51  shows 
a  left-hand  windshield  (401611  RF)  which  meets  the  ATP  requirements 
for  Mark  I  and  Mark  II  deviation  plus  lensing  and  displacement.  Items 
which  fall  outside  Section  5.2  for  this  windshield  are  the  forward 
arch  bands  which  encroach  on  the  critical  area  and  a  bull's-eye 
located  in  the  forward  beam-side  portion  of  the  critical  area.  In 
Figure  52,  fewer  and  less  severe  distortion  bands  are  present  in  the 
forward  critical  area  of  this  right-hand  windshield  (401612  RF) . 
However,  this  optical  delivery  part,  which  again  meets  the  ATP 
deviation,  lensing  and  displacement  requirements,  does  exhibit  aft 
arch  roll-off  present  on  most  of  the  prototype  windshields. 


^''Acceptance  Test  Procedure  501-2  for  F-lll  Windshield  and  Canopy 
Transparencies,"  pp.  4  and  5,  18  June  1971. 
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FIGURE  52.  TASK  III  R/H  WINDSHIELD  (401612  RF)  GRIDBOARD  PHOTO 


Those  familiar  with  early  1080  glass  F-lll  windshields  will  note  a 
similarity  to  the  first  eighteen  F-lll  retrofit  prototypes.  There 
has  been  an  overall  improving  trend  in  optical  quality  during  Task  III 
and  efforts  are  continuing  in-house  and  on  an  additional  eight  prototype 
parts  being  produced  under  Contract  F33615-74-C-3077 .  Since  these 
efforts  are  underway  at  the  time  of  this  writing,  details  will  not  be 
covered  in  the  Final  Report;  however,  areas  under  investigation  include 
assembly  and  finishing  procedures,  laminating  tooling  and  laminating 
conditions . 

Air  Force  representatives  (Captain  D.  C.  Chapin  and  Major  W.  F.  Provines) 
visited  PPG  INDUSTRIES,  Works  No.  23,  twice  during  Task  III  to  inspect 
prototype  optics.  During  the  second  visit  by  Captain  Chapin  and 
Major  Provines,  multiple  images  were  compared  between  a  production 
glass  windshield  and  a  Task  III  plastic  windshield.  Two  to  three 
bright  secondary  images  could  be  seen  on  the  glass  part.  Only  a 
second  image  was  visible  on  the  Task  III  windshield  and  it  was  much 
dimmer  than  that  of  the  glass  part. 

Another  important  item  from  Tables  XIX  and  XX,  light  transmittance, 
can  be  compared  with  Statement  of  Work  requirements,  and  Task  II 
predictions.  At  the  end  of  Task  II,  windshield  transmittance  was 
expected  to  be  69-71%  minus  10-14%  for  the  15  ohms/sq  gold  film. 

Initial  windshield  data  with  the  Task  III  112  interlayer,  but  not 
gold  film,  was  70.5%  transmittance  as  expected.  However,  the  trans¬ 
mittance  loss  for  the  g^ld  film  on  PC  offset  interlayer  improvements. 

The  average  for  Task  III  windshields  was  58.8%  and  in  no  individual 
cases  did  any  part  meet  the  60%  requirement.  Haze  ranged  from  1.2% 
to  3.9%  with  an  average  of  2.35%.  In  all  cases,  the  windshields  met 
the  requirement  of  4%  and  the  average  approached  the  2%  goal  of  the 
contract. 

Table  XXI  indicates  that  the  Task  III  prototype  canopies  at  approxi¬ 
mately  42  lbs  are  heavier  than  projected  based  on  the  39.4  lb  weight 
of  Task  II  canopy  9031-42.  The  difference  was  due  to  increased 
retainer  thickness  and  acrylic  thicknesses  greater  than  nominal. 

Of  course,  both  are  higher  than  the  30  lb  Statement  of  Work  require¬ 
ment  as  a  result  of  the  weight  of  facing  plies  included  for 
durability.  Light  transmittance  (76.7%  average)  and  haze  (2.2% 
average)  both  surpass  the  requirements  of  60%  and  4%  respectively 
As  with  windshields,  canopies  meet  the  numerical  ATP  requirements 
for  production  F-lll  parts,  but  do  exhibit  some  apparent  visual 
distortion  as  specified  in  Section  5.2  of  the  ATP.  Canopies, 
however,  are  closer  to  production  standards  than  windshields  in 
this  area. 
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*Def ined  according  to  "Acceptance  Test  Procedure  501-2  for  F-lll  Windshield  and  Canopy  Transparencies." 


The  Task  III  prototype  transparency  data  reported  herein  was  not 
Intended  to  be  a  complete  study  of  the  24  windshields  and  canopies. 

A  complete  test  program  was  planned  for  the  parts  at  the  destinations 
indicated  in  Tables  *'Jt,  XX  and  XXI.  Structural  windshields  and 
canopies  sent  to  Holloman  Air  Foice  Base  were  installed  in  a  module 
for  rocket  sled  bird  impacts.  Six  structural  windshields  were  sub¬ 
jected  to  cannon-fired  bird  impacts  at  Arnold  Engineering  Development 
Center.  One  shipset  of  structural  parts  underwent  ultimate  thermal/ 
pressure  testing  at  Wright-Patterson  Air  Force  Base.  The  ten  optical 
windshields  and  canopies  were  delivered  to  Brooks  Air  Force  Base  for 
a  complete  optics  evaluation.  After  this  phase,  the  optical  parts 
were  tested  at  Wright-Patterson  Air  Force  Base  for  one  lifetime  of 
cyclic  thermal/pressure  testing  followed  by  retesting  of  optical 
characteristics  and  bird  Impacts. 


3.  PERFORMANCE  SUMMARY 


Tasks  II  and  III  were  to  yield  windshield  and  canopy  designs  which 
would  provide  bird  resistance  yet  function  as  serviceable  F-lll 
transparencies.  This  section  summarizes  briefly  how  the  prototypes 
compared  with  Statement  of  Work  requirements,  as  discussed  in  detail 
elsewhere  and  identifies  possible  problem  areas. 

Tables  XXII  and  XXIII  are  item-by-item  lists  of  requirements  or  goals 
and  performance  levels  achieved  during  the  program,  detailed  in 
applicable  sections.  Windshields  were  within  allowable  limits  for 
mold  line  deviation,  weight  and  haze.  The  average  light  transmittance 
was  below  the  required  value  by  1.2%. 

After  much  development  work,  a  combination  of  windshield  and  support 
structure  was  defined  which  will  meet  the  500  knot  room  temperature 
impact  requirement.  The  windshield  should  provide  higher  levels  of 
protection,  approaching  Mach  1.2  at  mid-panel;  however,  it  is  unlikely 
that  any  practical  combination  could  provide  Mach  1.2  bird  resistance 
in  the  aft  beam  corner. 

Thermal/pressure  tests  on  full-size  windshields  indicated  that  neither 
a  .085"  glass-faced  or  .060"  acrylic  plus  .125"  PC  fused  plastic-faced 
section  would  survive  the  maximum  temperature/pressure  combinations  as 
originally  specified  in  the  F-lll  Qualification  profiles.  However, 
successful  wind  tunnel  tests  on  samples  with  .060"  acrylic  -  .188"  PC 
facing,  plus  Air  Force  reevaluation  of  test  parameters,  indicate  at 
least  a  better  chance  for  meeting  them  with  a  bird  resistant  windshield. 

As  far  as  optics  are  concerned,  the  subjective  effect  of  distortion  is 
the  main  problem  area.  The  Task  III  optical  windshields  met  the  numer¬ 
ical  criteria  for  lensing  and  displacement;  however,  there  was  still 
visually  apparent  bending  of  grid  lines,  particularly  In  the  forward 
arch  area  and  extreme  aft  arch  edge.  This  subject  must  receive  the 
main  thrust  of  development  effort  as  parts  are  produced  beyond  the 
initial  18  prototypes . 

Table  XXIII,  the  canopy  summary,  shows  that  the  approved  design 
exceeded  the  outboard  mold  line  deviation  slightly  and  the  weight 
requirement  by  a  large  amount  (12  lbs).  The  weight  was  added  by  facing 
plies  which  were  agreed  were  required  to  provide  the  necessary  thermal 
protection  for  the  outermost  112  Interlayer  and  abrasion  protection  for 
the  polycarbonate  structural  plies.  The  two  .125"  plies  were  found  to 
provide  a  high  level  of  room  temperature  bird  impact  protection, 
approaching  the  Mach  1.2  goal,  at  the  shallow  canopy  installation 
angle.  The  500  knot  protection  was  not  achieved  with  an  outboard 
temperature  of  9°  below  the  -30°F  low  temperature  extreme  listed. 
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There  was  no  temperature/pressure  testing  on  prototype  canopies. 
Limiting  factors  in  tests  to  be  run  at  Wright-Patterson  Air  Force 
Base  are  expected  to  be  .060"  acrylic  -  .125"  PC  outboard  ply  and 
the  marginal  ultimate  tensile  capability  of  the  edge  attachment. 

Without  the  gold  15  ohms/sq  coating,  prototype  canopies  easily  met 
the  60%  transmittance  requirement.  This  could  be  a  human  factors 
problem  when  contrasted  with  the  approximately  18%  lower  windshield 
transmittance.  As  with  windshields,  canopies  met  the  current  produc¬ 
tion  numerical  requirements  for  distortion  and  deviation  but  did 
encounter  instances  where  grid  line  distortion  exceeded  subjective 
limits.  In  general,  however,  the  Task  III  prototype  canopies  were 
closer  to  production  optical  quality  than  the  Task  III  windshields. 


I  PI- IJII1- 1.14.  II I  III 


TABLE  XXII  -  PERFORMANCE  SUMMARY  -  WINDSHIELD 


STATEMENT  OF  WORK 


ACTUAL 


1  •  MOLD  LINE  DEVIATION 

A,  0.23"  I/B 

B.  0.50"  O/B 

II.  BIRD  IMPACT  (4  LB  BIRD) 
A,  Requirement 


1. 

500 

KT 

RT 

2. 

500 

m 

-30°F 

to  +75°F 

3. 

500 

KT 

9 

+200°F 

to  +75°F 

Goal 

J  . 

M"ch 

i  1. 

,2 

III.  PRESSURE-TEMPERATURE 


I.  MOLD  LINE  DEVIATION  -  BLEND 
WITH  MCAIR  IARINGS 

A.  0.06"  I/B 
K.  0.49"  O/B 


II.  BIRD  IMPACT  (4  LB  BIRD) 

A.  Verified  ir.  Modified  Module  - 
Aft  Beam  Corner 

1.  520  KT  @  RT  -  OK 

2.  Testing  Eliminated 

3.  Testing  Eliminated 

B.  Goal 

1.  Center  Impact 

a)  Mach  1.1  (727  KT)  @  RT  - 
OK  (2  Ply  Design) 


III.  FULL  SIZE  WINDSHIELD  TESTS 


A.  Four  Life-Times  A.  To  Be  Evaluated  at  WPAFB 

1.  Failed  360°F  O/B,  12.5  psi 
(Task  II) 

2.  Fused  O/B  OK,  10  Cycles  at 
Mach  2.4  (Air  Force  Tests) 

IV.  WEIGHT  IV.  WEIGHT 

A.  69  Lbs  A.  61  Lbs 


V.  OPTICS  V.  OPTICS 


A. 

Transmittance:  602 

A. 

Transmittance:  58. 82  Average 

B. 

Haze:  4. OX 

B. 

Haze:  2.42  Average 

C. 

Deviation: 

C. 

Deviation: 

1.  Originally  1.  Meets  Current  ATP  Numerical 

Requirements 

a)  Optical  Sight:  6'  of  Arc 

b)  Balance:  8' 


2.  Changed  to  More  Stringent  and  Easier 
Interpreted  ATP  501-2  Requirements 


D.  Distortion:  D. 

1.  FZM-12-10952A,  Section  VII 

2,  Changed  to  More  Stringent  and  Easier 
Interpreted  ATP  501-2  Requirements 
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Distortion: 

1.  Meets  Current  ATP  Numerical 
Requirements;  Does  Not  Meet 
Sec.  5.2  for  Visual  Distortion 


TABLE  XXIII  -  PERFORMANCE  SUMMARY  •  CANOPY 


STATEMENT  OF  WORK 


I.  MOLD  LINE  DEVIATION 


A.  0.20"  0/B 

B.  0.00"  I/B 


ACTUAL 


I.  MOLD  LINE  DEVIATION 


A.  0.22"  O/B 

B.  0.06"  I/B 


II.  BIRD  IMPACT  (4  LB  BIRD) 

A.  Requirement 

1.  500  KT  @  RT 

2.  500  KT  @  -30°F  to  +75°F 

3.  500  KT  @  +200°F  to  +75°F 

B.  Goal 

1.  Mach  1.2 


II.  BIRD  IMPACT  (4  LB  BIRD) 

A. 

1.  OK  @  509  KT  @  RT 

2.  Failed  @  -30°F  O/B  &  513  KT 

3.  Not  Tested 

B .  Goal 

1.  OK  (3  684  KT  (Mach  1.04) 


III.  PRESSURE-TEMPERATURE 

A.  Four  Life-Times  per 
Windshield  S.O.W. 


III.  PRESSURE-TEMPERATURE 

A.  Best  Chance  -  To  Be  Evaluated 
at  WPAFB 


IV.  WEIGHT 


A.  30  Lbs 


IV.  WEIGHT 


A.  42  Lbs 


V.  OPTICS 


A.  Light  Transmittance:  60% 

B.  Haze:  4.0% 

C.  Deviation: 

1.  Originally  -  4'  of  Arc 


V.  OPTICS 

A.  Light  Transmittance:  76.7%  Avg. 

B.  Haze:  2.2%  Avg. 

C.  &D.  Deviation  and  Distortion 


2.  Changed  to  More  Stringent  and  Easier 
Interpreted  ATP  501-2  Requirements 

D.  Distortion 

1.  1  in  20  Gridslope 

2.  Changed  to  More  Stringent  and  Easier 
Interpreted  ATP  501-2  Requirements 
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1.  Meets  Current  ATP  Numerical 
Requirements:  Does  Not  Meet 
Sec.  5.2  for  Visual 
Distortion 


APPENDIX  1 


Following  are  data  sheets  recorded  for  each  of  the  bird  impact  tests 
conducted  during  Task  I  and  II  of  this  program.  They  are  arranged 
in  order  of  test  (WT)  number  with  the  sample  identification  at  the 
top  of  the  sheet. 


Sample  Cope  ••  9oso-4b  t  „  , 

CONSTRUCTION  •'»*«***'  .«»  '/l-  .06 ft-  .00  «/t  -  .  OS  K 

.  iw’l/t.-  .  US  PC 

Thickness  sso”  Areal  Density  j  SSCus/n4  Panel  Wt.'-zi-Slb. 


Edse  Section  •• 

374 -38 1 


ffcfmti  o>rs 


.882 


k-SNEA«H>-*i 


Results  cks  -26-73  @  f*F  akp  23winstallation  ausle 

INTENDED  i  8£<0  FPs  ^  . 

Shot  no.  -  wr-i  Speed*.  ?etun  sm-  *  Bird  wr.  : 4.17  lb. 

_  Fiwl  i  851.5  PPS  ,  ,  _  ,  . 

Remarks  *  T*UKt ( t*  cf)  ( 504 kt)  6^^  ft-l») 

8ikd  .  Top  3vief\U£p  tissue  tt>  pass 

JWW  v  ftp(X  IN  UH5;  \AJ\TV\  M0VNT1N6  FRA  HE  .  ftwE  OatNEfcS  Vtf*Y 
^  A&UfcCf  OTT  W  >C|  eV£U  5H  Slfc&S  . 
pl>(  lu  CDUTAOT  UM\  TRAne  FAXLErt)  WOmAL  TO  Sl£F(\Ce  AND 
PPOfPGfXFOH  Sfcme  OBU^e  T WHS)  puts  ,  f\S  saowh  • 


Sample.  Code  •.  9o3o-sa  (wt-2) 

Construction  •••i«V*:yu^V'/20‘^;;I^’pc'  ( ls'A/$*) *  ,zo*'*- 

.IIS  rl’tlw  l (L-  .  |ZS  lO 

Thickness  ;.«w"  Af<eal  Density  :  &34  PanelWt.--zz.Slb. 

£06E  SECTION  :  ,  I  gy.tkZaa  — i — 


.3JO  HO M 


_  UX^TVW  15-&/S0L  .CORONA  ‘ 

\  ® 


.860  won. 


RBSULT5  ON  5  -Zfe-73  @  *F  AMP  2-5  INSTALLATION  ANGLE: 

Shot  no.--  *•  speed:  Birdwt.  ••  4.oo  lb, 

.  .  MNW.  .  7SS.I  m 

Remarks  ••  &  » •  /»  (447  M-)  (3s,sO«rr-i«) 

8ito  PCREiMaCD,  Tissue  thfoo^h  L-~i'  cw  punched 

m  UNe  wrm  Flaws-  chamfe^^d  »  ei-i«-v  at# 

(NEEDS  HOPE)  .  ftAne  DVD  vjCJT  CDf  pc,  BOT  UW  W  TOP  E06£ 
iUPosto  t)  Pwe  snu.  excess  ive  , 

CtPas  m  o(b  pd(  of  pc  ,  \n  une  wm  m\m.  Ewds(bssins?) 
fir  w  edge  eoq-  #«\e .  Si&r  T>eu\n .  ( z  3  in1-)  uinere  cwc*.  swpec 
AT  ^old  pilh  \Nretpftce.  Kb  owee_  less  of  afhcsion  WMwuem 
Else  including  pcnertwoN  Mea 

Top  oahp  covio  tEsuwtmp,  eifd  .  138 


Sample  Code  9°3°-4A 

Construction  ■  Actyuc-  ,12 o\jc-  ,12s  pc-  >120  \ju 

.  ,PS"PC  -  ,\2o'  \Jl.  -  ,17.5  PC 


Thickness;  .eeo  Areal  Density  ;  5.5C  i»./rr*  Panel  Wt.;  22.51.6. 
EOSE  SECTION  ;  ,  TT7~ 


•  ?  r-AMes 


FIMC.  SCRATCHES  ON  l/{5  PC  PRJOtTD  iesT 


ReSULTS  ON  3  -*7-73  @  *F  AND  *3 INSTALLATION  ANGLE 

iMTtKiT>fet>  ;  7QCi  pPS 

Shot mo.*.  wt-3  speed-. p^un  .^sso  Birdwt.  -.  4.00  u& 

PCTUAL  rlHAL  9&I.5  m 

Remarks  -.  (h*0  (siokt-)  (44, ore  pt-lb) 

t>id  not  p&Nermt .  colts  Ttoh  cei^c  of  tot  ^06jt , 

SUGtfT  TOf  fcGTfVTOH,  \TV?FSOr  PT* 

Ps  voueiEr  tv  two  oven.  mne  in.  cen^i-op  top  eo 

(\nU0u6H  TUffce  wpvs  no  fmsuErOc  iue  Pc  f\*cf  lAMeae  \n  TWt  pan^l.  ’ 
6'^EVlt£D  PO^IOH  Of  w  TOP  T)tP0PMST>  UV^^Cr  ft*n&  ‘ 

foe.u\5  ^0T5  v  OWPS  Vp£  *n  of  f^Ane  .  SiW 

mvE  w\u5  u?teo  ^'([£  .  edge  coiui^  of  the  vm^ 
f)£V^UE9  ^  £ov)WbfV>  NO^e  1W\N  U\sr  SW0T  . 


Sample  Code  :  9oso-6A 

Construction  ••  .iis'ao-tjc-  .120"^-  ,4is'  pc 


Thickness  .87o'  Areal  Density  :  5.1-1  L8./rr*  Panel  Wt.jm.s  lb. 


Edse  Section  =  1 

—J — 

>7* 
i  $T) 

1 

- -  —1^1  .  »» 

. 

~r 

_ l 

Results  on  3  -*7-73  @  *F  and  23  “Installation  amble 


Shot  no.-wt-4-  speed  Bird wr. :  4.o4  lb 

Remarks  ••  i«  Vi<r‘t*D  wJotm. on  (41345  pt-lb) 


6lR.C  PEMEttATEp.  EnXIPC  CfiNTte.  POfcYlON  S HSTVS*  I  fSLEUU  OOT>  hb  PlEX 
pew»  Ffon  wwr .  ft  and  piby.  ams  m  w  tolwaBSNr  |  Be,w^ 

^TOPPeD  B'/  tlx  IN  COtU  Cftts  *  X6p  E06£  SK5At24N3  in  ukjc  OOKH  IN 

tewrpAL  11  S HCE  \  \uk  uwe  VO^K  fOSfct?  1/5  SECTION  oVe£-  £ECC  Of 
W  EDte  .  tter  E>P^  Mn£  ON  onk.  3  cmes  1M  UNe  ^ 
f tm  toUWNT  BENDING  'SHUfS’S  .) 
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Sample  Code  ••  9MO-3& 

Construction  ••  ac^muc-  mo  \[l-  .175,  pc  -  ( film") 
•Ro"'/l-  .IZS  'PC  -  ,|2o''1/l-  .  its'  PC 

Thickness  ;.86o"  Areal  Density  :  5  J6  lb./pt1  Panel  Wt.;  u  lr. 


Edqe  Section  •• 


pp^Hfc  W5TKEO 


^ouD  pi 


iMDtvfrATioKi  Frcn  pe-Ant  c-d^e 


Results  on  s  -16-73  @~50  *F  and  *3  °installation  angle 
Shot  no.  w-5  speed  :  ”P, ‘  J^'Bird  wt.  « 3.^6  uj 

Remarks  ••  (flat)  (5*5  kt-j  ( 48,3sd n’-ts) 

gviLO  DIO  NOT  *  6\0U)  ?MN  ^eLD  1/J6.U-.  WWW  HO  APPM^T 

^U\HlHKnOH  ,  pv  f ' WaL  sv\ou>s  vepwm  ^TPt\oki  TOWMb 
\n?KT  o^usa\oH .  l<lv  is  no  re  goer  Hole  oefoErifiTiON 

/\\OH^  T&P  TUAN  i’Str  S1AOT3  Ak)9  HOtC  UK£  Q\ULV\0\)$  VOOtK 

OU  SttllLW-  VW46L5,  teu^V^TOe  E06&  ?OTKOON  \u  PAMEL 
TEST*  ^  VC  C(L|vaONG,  AHIVOVaiE.  M  VANeL  %  $\H\iAVLlO  4A 
(SVPT  VA3V-^  .  X-WS  S\AOU)  4$*  , 


Sample  Code  ; 

Construction  ••  .  uo'  rtsKoiLne11!  -  .  tuo  \L  -  ,teo  pc-  a'20  %  - 

,230"  VC. 

Thickness ; .sso"  Areal Density  :  53*5  w./"1  Panel  Wt.--  is  lb. 
EOSE  SECTION  :  , 


.151  -341 


sa^8«vo»isxsgii!ia8gs 


}  ,83-j  -,847 

1  _i_ 


Results  on3 -Z6-75  ©S-io'F  Awt>  "'Installation  an6le 

Shot  no. •  MT-t  speed  ?  Bird wt.  :  4.is  us. 

«.  «,*  (<W?ktO  (46,S4i  PT-ib) 

Remarks  *  *  -  fa 

OGMCTWTO)  £DG&  SW^A&S&,  ^  * 

0%  Muf\L  \AWury,  5l£C>  (tWVl^6  ^r)  SttK*.  tM 

svfcfweo  sot\gn  (wwvha  Gw^oia  patterns  \h  w  rc 

puts  toe  s'tUiAt  w  toor  CGwabStstr .  Goop  6uss-ia  ^ugsiom, 
S3Wc  pc  oowugi  csmo^ec  u)tfW  ttAne.  goce:  ,  tr  pmmy  ommto 
i  VVfflfi£M$)  M0N5  H&H  StPKt  DUCrp  BEWDlk^  OYefL  ffcAMe , 
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Sample  Cope  ••  t030"*1 

Construction-  .«*****•-  •B#^'  -l2£PC',IM  'A-'  -®  Pc 
lonoiR  (t&A/3!,.eoa> pilh>-  .iib  pc 


Thickness- .fito"  Areal  Density  :  53£  ls./pt1  PanelWt.-mjslb, 
Eose  Section  -  .  i  , - .sA- 

.578 -.351  SS^SSSSS^^^,  8<?5 

“T“  — i - ^"yT^ssssf  ’  i 


,  _  ^  ^s2 _ It 

loo  c  #  O  O  O  ■OvvrvrvUT/  oCotoOO 


I 

///l 


LWCHE  iw&o 


o  «C  o  o  O /vw 


h—  jL* — H  xpvx  iM  oafclEt? 

'  I  f  nr 


pc  ply 


L 0  A*  ■‘OO, 


W^Y 

in  I  Ao  fiat 


(jDBJW  f\T  &ub 

blh 


■  ■■  —  - - 

a  fpeONT)  *~-~n — GlftilP  (EEAR) 

Results  on  j  -»*-75  @{o4s  *F  anp  ^“installation  ams.e 
Shotno.-wt-t  SpE=t>:'S?q^BtR0WT- 1  4,18  18 

_  „  r  (s»Kt)  (ss, Wit-lb) 

Remarks-  & c  -  m  '  ,  ,  _ 

&im  vejerPAiED  uke  3  A  («*n  W-i)  .  J«5t  ftftoMt  RjerwmtsN 

Un,T.  SMCMBD  m.  uV  TG?  t3*C  IMIW  cm-b  in  -z^tctly 
cow.Rijiw;  toiWP  3u*s ,  The  oewx  wsonED  in  $u6kt  cbamwrtsjn 
kv  tH&  'em)  ?im  ^  shown  >  Turae  u>fo  mo  otmcl  to  or- 

KDUfcSlQN  TOT\e6pU)  flUl  ON  TUB  Pfxvto  ,  Cosi^bet^aur 

bmjea^M  vjesii>u(\u  indentation)  o/e^  rtfcne  BEfots  etx-e 
fWL£^>  50UC5  (\N  \\"  ■DICTbKCe  . 


Sample  Code  •  ^030-UA 

Construction ••  -  .ro'i/l*  .Us'pc-  .izoiJl-,o£oA«s/ug 


Thickness  ;ij055  Areal  Density:  74  is/rr*  PanelWt.:#.t5lb. 

EOSE  SECTION  :  ii0tD5. 

— A — I - '  /  1.017 


3tt-.*70 


rtlwo  SEW^ATe  PlK£e> 


'VtcUcK 


HAOOL 

TteSUM 

BlOOi) 

smear/ 


/  '<L 
>>.  /->h 


/ 


/-Ip 

I 

T 

-A- 


sKex 

Ofm 

FlACES) 


(  PCONT )  GU&S  piaeo  10  fCf>F  /  (  REAR’)  V  PIE* 

Results  on  s  -26-75  @&-4s  *f  and  za  "Installation  ansle 
Shot  no.--  wt-6  speed  Birdwt.  s  4,ib  lb. 

rlNnlL  l  9b«'W 

Remarks  » I  •  s/^¥  ^ 506,5  ^  ^47, 8©  T-iB') 

B\w>  9^rowa> .  CfcKflOL  seaioM  sleuo  ooy  ute  5A  (  shot  dot -4)  .Tof 
SHlEAtANC*  GQlNOm  UflYU  M  Off  SETS  flEtwe&N  Eb§E  AMO 
stcnoui)  amd  Tttofc.  Most  ovue£-  ooiN&Dfcs  wm\  piavie  pc 

antm> ,  0°^  Vss\mu  vv^&iuty  . 

\HW  Ac£fllC  C£f\C*JE9  VajWW  OTOm  at  IMPACT  ft,  AMD  f\U_ 
UU£*S  STOV  AT  \C^  IV&MJC.  .  Good  THWCrtovJT  OhcM  3  WAU_ 

T16CEC  Of  VUE/.  DoeV£  TioUm  OfTT^-E.  \HB0J\£D  SORT  ACS 

Nltfc/  suw  TfUAn  (\WU0  VC  OfPo/  . 

StteNL  ^  VC  HAOTR£  VfcTT&Ol  INDICATE^-  MP^f  ^AvkIeT? . 


SAMPLE  CODE  '•  9^350*  13A  *  *  . 

CON5tRuct\on  -  .oiolotW.wV .iwpc- 
Construction^^  .«» 'IL'  •ns  K 

Thickness -.3^“  Areal  Density  :Si+is-/rrl  Panel\Nt.-24-25lb 
Edse  Section  =  ,  I  FU*P<I153~X 


-<<K>3 


X  » 


^ci-nuc/bc. 


///  \\  1  y 

(f\  /*  W — -tm** 

PA  uT 


/e»nur1  l  CS66  WKAlK  fPOH  (REAR.-) 

( FRONT /  VjrtKKbui*i-N°  WEII 

Results  on  3  -27-15  ®*fe  *F  ^  «  ‘installation  anele 
Shot  Mo. -WM  speed -rEL^M "  Birdwt-4-°° 

IWW)  (44, an  PT-ii) 

remarks  ••  S.**  l<w)  ^ 

P,|M>  W>  NOT  VtMQWt  .  Wl3T  CMKN  ft  ac«  ,  OWBOAIO)  P0»> 

Piec/Vo  puj  awxeo  W  vwr  Rtrt3\ieD  e**£iT  m.  M  in7  W 
Ntawu  Outfit*-1’  ^  W0VMi  ttKXS  ^uc  ^  PC  80r  spotting 
V  ia/  ,  ep®  tesUl.  Vis^iu-ry  (  test  o?  V>  PM-)  .  No  VC 
CtPCrtKA.  V5o  5I6NVPCANV  tESttXlAL  WkNW-  VeFPWAWlOM 

twram-  common  AC  5xpecr«? .  sweo  on  'N  -  w°-*=  w0 


Results  on  3  -2? -73  @4o-t5*F  ahd  ^installation  angle 
Shot  no. ••  wmo  speed £555;  JK?  Biro  wr.  •.  +.0  u& 

o  f  „  FNALv  ^2,5"  tellkt)  (<ia5fT-l6) 

KEMARKS  •  4a,/z.  SAMPLE  SUBJECTED  Tfc  3  AUTOOAvt  Of  CUES  . 

t)lP  PENETRATE  T>ur  SY^-E-TCUCD  ftSML'C  STMlL  U)f>6  CJccrcp 
iHtoAW)  CC  v  $£>jo  of  $/|\  fAS  TEttO'JEX)  >  $t\rt(\t[0{  l\j 
10N6  S.PUhT.'j  >  SfKU-  V\tC£: S  5UOIO  THPCKL-  \U*Ci&iL'  frOC^r  U\tflNAiL  H\iLU£C 
\w^m  ^OuTo  \HTEHTKT)<5N  <\UD  0 .VJVBWJ)  PC  (  AcWUSf  mDf>(£  PLV  ) 
Opsex&D  (to'U)^  VM^Re  ^ht  ovttL  f^e ,  ia#c  &  7 

Svipvlc  mAmMRno^  svox  umqie  thc  pc  apc<  *s[mto  ft  ^  ,rc 


Sample  Code  :  ^oso-rzA 

Construction  ••  .NoNttcuwnEX-  .itai/l-  .ws*Pc-  ,120"  i/l-  .izsVc 

.itti/u-,aspc-  .iio'i/l-  ,as"$nL.Aettijc 

Thickness -.1.090'  Areal  Density  :  7.1*  i&./rr*  Panel  Wt. -.30.5  ls. 

Edge  Section  : 

— 1 r - - - ESRnS^Vv^  1.101  - 

VZ-ATt  SSgJsNNNN, X^VVVXVV^^t/  1.  lit 

T~  I  ~'mm  ; 

TATtoU 


l 


£ 

li  • 


*-  ! 

L' 

J 


k  A 

m  a 


M 


It 


misiwpupp 


Sample  Code  ••  9°30-?A 

CONSTRUCTION-  J»*lteWUUifiL-  ,IwY-  .izs'PC-  ,| v>\Il-  ,m‘K' 

MA  »/i.-  ,as"p6-  ,Oo  »/l-  .ftS'AS*CMT  ACltyUC  , 


n 


Thickness  ;i.025  Areal  Density  :  w  tb./rrl  Panel  Wt.-2?.s  lb. 
Edse  Section  = 


/  N  L 


fh- 


o  a-cv-%— a 

p>0  ^0  0 

A 

TA 

■^K 

-AA. 

\ 

.Mi 

|  ] 

/  ' 
Ji  , 

\  \ 

/  A 

V^' J 

7>d 

'  K/, 

Ar  f 

—  — 

’/r  > 

zifix 

/ 

__J 

'6  pc  ctfch 
DOtTO 
<WN6 


■f1 


* 


(P*ont)  \K\mimtMr  cea^ng  / 


(lEAR) 


Piece  OF  /VmiC 
OFF 

Results  on  3  -*9-73  @k-£s  *F  anp  m  °installation  an6le 


INTEMMfi  '  160  FPS 

Shot  mo.*-  wr-n  Speed -  Birdwt*.  s  4-ji  lb 

P»WAL  >QCb.\  n 

Remarks-.  i-WT  0  (5W^)  (43,1#?  ft- lb) 

SttJb  d\t>  n5V  PfNenuvn~~ .  °° tobUM.  visibility  .  Council  cmck  in 

?Ctf  (O/B  IN  £06^)  .  te  BGTU}££N  Bod  HOLES  ON  TOV  ef&6  0VB1L 
K)a_  W1H  of  ^  fc  (.  '(5  ^  'St^fLAL.  C£AC*6  Also  ON  SU>e5 

&0\x  V\0\I^  .  \NFAMfc  C^ppC5  DVJ£  10  C^PCtM^  (LeSUUBD 

rnn  \\avawl  es&c  \Wn6i  fk^cMiosj .  THesa  ?mA&i>(  ooa&p 

OU  \l£tOV)V$>  , 

k^uccwaro  w  '#/*  of  fwasr  h(\toum_  ^emain^  frbumso 

ONCf  O^e  5VIAU.  p\ec&  Off  U£A1L  PT  . 

\ttVKCT  CL0S6TO  &OTTQH  £t>6£  , 
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TS’TCTT 

'  *fc  j 


1 1 

Is 

I  : 


TY1^ 


Sample  Code  ;  go30'^2A 

Construction  -  *  ko  Pc  waep  WH  siws  with  dCso , 


Thickness  ;.7$«>"  Areal  Density  :  +.£8i»./rr*  pANELWr.-».2£Le. 

Eose  Section  ;  ^  '  r  ■g^T7~~^\ 

.^til.1  !  1  -I* NCM-  ^SD 


,GOMlN6iy>OfT  (UISSO] 


lur.1  I 


!  m 

I  )  l|  u/ 


(  P60NT  )  (bar.) 

Results  on  3  -2? -75  @  *P  and  i3  °Installation  ansle 

SHOT  NO. WT'lt  SPEEDi^J^  '^^BlRDWr.  :  415  L6' 

„  v  .»  fmto.  •.  836.7 

Remarks  *  4*  •  /»*•  ( 495  y-)  (44,135  ft-us) 

topENEr(ifir^.5ivM<^s^nEe£p  ikto  numerals  ^iau-  pieces 

Most  swvjueiLTutoi  l\4\  faiurceoNW  eetu^  dw\ob>  eauieen 

IN  LlNC  \K)\IH  PRAISE  AH9  \U  UKiB  l^TTH  CfllNE-tS  po|2Het>  M  OlfilSoftRO  AND 

mom  sanoNs .  to  fWUfe£  OONN6CT3  ^CONTINUITY 

(tm&ty  mm>  &/  otfifeoftAD  and  ik6oalo  sections,  poer\oj4  Gem^ming, 

In  rw  m  oh&  piece  -  Good  fosioM- 

fA\u)«E  9£Hm\^eKv  of  fqbiuc-CAAp  3/+ pc,  MNte&i&x>  12-71 
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Sample  Code  ••  9oso-i0Ae  ^  v 

Construction  .uo'rtKcunti.  (lEA/aiPiM)  - ,  roi/l  •  .ns'pc-  ■ 

. iis'pe.-  ,Ro*i/L-,ft&''pc -  .ro'»/l-  ,o£o "as-cast  wwu c. 


ThiCKNES  S  :l,025  AREAL  DENSITY  :  7-oJ  ib,/;t1  PANEL  WT .  •JttlSLB . 
EDSE  SECTION  : 


1U1 


T 


.02B  Mott. 


Results  on  3  -2*5-73  @-vC5  *p  anp  t-3  “Installation  amsle 
Shot  Mo. ••  speed *.w£uh.  :WU"  Birdwt.  j 

RH(\u  ;8*2.M  (4^,740  PTLB) 

Remarks  *  Occasional  occult/  in  dr.\uun6  (o/b  po/") 

t)\W)  T)\t>  NOT  VbCWJE .  KWE&W  TO  ftovp  CQReo  6lP6S  CDNpM^Ur 

to  uncomep  weir> .  Cw  in  ?d/  in  une  um  defoliation  &vel 

,  Of&CK  COWo&OtUME  'NO{<JftTEC>  6s/ 

UAU>  WUJNG. 

TWal  poexuc  6^,k  fMmi ,  N&  o&>epVf\«ie  fwuc  cjpahin€„  Owu_ 

POtfOUlfWiCB  CJN\L£L  TO  (sWST  lAJT-tt")  , 
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Sample  Cope  ;  *5050- 

Construction  • . its" Acttuc  -  .oV'y l  -  .750’ pc 

Thickness  ..%5  Areal  Density  1  LB./rrl  Panel  Wt.;2S3£  lb. 
Edse  Section  :  .  1  tr,<<v^d 


(WKx) 


fKAR) 


%  I  I  #  -  '  -  » 

Results  on  3  -29  -75  *F  and  23  'installation  an® 
Shot  no.  ••  w-*  speed  ;  g]f?  Bird  wt.  :  3.91  lb  . 

Remarks  ■■  i*3/il  iK^kt)  pi-lb) 

£iU)  PCNErtfnEt) ,  Entire  Cento,  or  pancl  guao  oar  Tap  tcwcfc. 
WNC,  N  Umc  wmi  or®  iwonid  and  <*mm>  sbUms  Tttoc  Pc 

**  «ww** ,  Cm  toon  .  Pc  and  KWC  ct  *  orLa- 

AT  w  a*  w  HO  damage  ftr  «  P0W  -  mwTlwZT 

we  to  M»if(  or  yv  pc.  ,  ‘  h  TOUT 

Ho  sesEpmiB  ancfc  pbpaqaton  mu  ,030 1  \u  w  teift)NW6  w 
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Sample  Cope  ;  _  , 

Construction  •  .<&V^uc/.a»»V  -  .1  to '(>-  -  K 


Thickness  :  Areal  Density  :  6»?  L8./rr*  Pa,uelWt.--  u  lb. 

rr  1 — I — —  SK- 


Edse  Section  ■- 


U6WT  ^  FRonT 


ATI -.451 
1 


( 

J 


-%5 

_L_ 


■  »  » - —  »  r 

Results  on  3  -23-73  @  -  *p  and  »  “Installation  angle 

,  _  INISMED  -.786  Ffs  _ 

Shot  mo.--  wt-is  speed  ^Lm.  ■wit  *  Birdwt.  :  3.37  te . 

PINAL  :  6133 " 

Remarks  ••  l «  5/sv  (486M-)  (41,37-1  ft-  lb) 


"BlW)  PEHeTTZATED  -  CEHTC5C.  SecnoM  'DUatASH  OUT. 

SttEN^HS  <S>tA  Tt>P  EbftS  AfPRF*.  7S  *7©  aojrtODfiTNr  t***  BAck. 
Fusrd  sectxoM  .  VCRy  Go«o.  frppfiRrvr  Vs-l^/h. 

CPAa.>HG  Sack:  siOff  dcvcrh  Bur  Ho  Pieces  B Loose’, 


Sample  Code  •.  9o3o-sb 

Construction  ••  .os  Accrue-  .izo*»/i.  -  .Us'pc. 


Thickness;. 870  Areal  Density:  s.4ii&./rr*  Panel  Wt.;  23  lb. 
Edge  Section  ; 


( 

T. _ J 

,879 

_L_ 


(  REAR.') 


R8SULTS  ON  s  --fl-73  @  ?  *F  AND  '^INSTALLATION  AN6LE 

Shot  no.-,  wr-it  Speed:^^!|^?4  Mdwt.  =  4.is  lb. 

HuOi  •  77i  r*i 

REWVRKS  *  S '  5/ll  -j  ( 33^/6  p^te ) 

"Bum)  PBM*T*VncO.  £*TI**  CSNTti  ©<;>r. 

Tep  s»vcm.bo  onjt  aoiA>oc*Ajr  u>ir»t  Bacjc  pty. 

(road  &Loc*a4  WoogfT  FROM  POSBD 
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Sample  Cope  :  7020-1 A 
Construction-  .iso'tc 


Thickness  -.  .750'  Areal  Density  ;  +.^  La/rr1  Panel  Wt. =20.5  lb. 
Edse  Section  :  , - ( _T_ 

1  [  \  S 

?(Z£33'N6  SP/i^aL  * 

C  Pn^EP  (tolngp _  _ 


Results  on  3  -30-73  @  6+*F  and  23 0 installation  an6 
Shot  no.--  wr-n  SPeeD&J^ijgJJ'?  Birdwt.  4.is  i* 

_  •  *  .  N  HnAl  11  (wF*(0  /,*  -n 

Remarks  ••  i  -  o  Ipikt)  (45t  ^ )  (38>,444  it-ib  ) 

PRUETOintt.  SiwiPus-  ocNrw.  imc-naH 
oor  IHT6  /VppgoX.  AO  »KG  Sl^E  PlWCCS.  Afjfcojt.  75% 

SttCM*lNC  PoiED  BAn*.  PW<(  CD&E.  Q-mmo  F05/0/O. 


Sample  Cose  :  9mo-7a 


Construction  ■  .12s  ,120V -  .laft'  pc.  -  .090'V  -  .isaV 

.raovi/L-  .  izs'pc.  ' 

Thickness  :  .956  Areal  Density  ■■b.$C  lb./pt1  PanelWt.^.75lb. 
Eose  Section  ;  j_  I _ 


M>\s5in<i  dxJfne‘*'  ?uy 


.444 -.461 

"T 


.950 

1 


/ 

Results  on  5 -30-73  @  £4-  *F  and  m  “installation  an6le 
Shot  mo. ••  wr-is  Speed ^  Bird  wt.  :  4.oo  a. 

Remarks  -.jo  ( got  kf)  (.45,353  ft-lb) 

.  Mo  powj  c^Bcxu/vr*-  clracicjajs  an  Blue 

9^.  tL  c>*.  «.8AcnW<j  top  euce*.  ufesj- 

PeRpotmi^cfi-  ©p  All  “Pa-pels  s#©r  ?  ?  ?  3^%  op 

Oor%©*M>  Puy  oqp.  <£•*>*>  ADHk£/ok>  £u£Tc>>H-mx.E . 

^«rtl<Do^i_  oi^tB/uiry  £"*  cpA-urAJr. 


Sample  Code  ;  9030 -17A 

Construction  ••  .tzste-CAsr  aonuc-  -  .425  pc-  .090 IR.- 

l8«"fC-  .060’ ill-  .188  PC 

Thickness:^"  Areal  Densitt :5.3&iB./rr*  Panel  Wt.--  24  lb. 

_  -  ~  a  .«o-*nn 

E06C.  OE-CTlON^  4  ©  *>rr  Hmmm  «tain«r. 

f  \  1 ~\  (|)  OSO'KI.Z 1  Hone*  insert  (tafcfjbo) 

~~  )  (D  oio'n  1.7s'  nomta  ttnaf  bonded  w/~.#»*-.ors  Rtv mo 

~~  7  ®  ozo\z.oo  - 


Ul 

r-ri - 

_ ■ - - 

i— -  "  ^ 

n 

■ 

to 

(?)  AUDHINUH  BUSHl 

tnms’AcK 


OJb  pet  WHE* 


(front)  (rear.) 

Results  on5  -7  -73  @  fefc’F  and  23°installation  an6le 

Shot  no.-'KT-'9  speed Birdwt.  ••  4.11  lb 
o>  Finn-  “lei  ”  KE.  ’•  «, weft-lbs 

Remarks  -  *  555  Kx.  t 

Biejd  PENewtreo .  Top  edsje.  srerwd  is  .  teTtoweSL  peeicd 

REMOVED  OVER.  t"oN  TOP  EDQE .  1/8*  PC  PCf  SHEARED  IN 
UNE  WW  ESVT  VOLfcS  ftWONb  pENE^LpmON  .  CoueSWB  FAILURE  OP 
INSERT  IN  pewHlftnoN  AREA.  ’(!(*'  VC  Vfcf  FAILED  GENRR&lCf  IN 
UNE  V/nm  FRANK  «C  TO?  .  PUAnNO  TC  ON- .  SIDE  pc  CRfcKS  >N  UNE 
IMIW  STRAPS  ,N«C  INSERT  OR.  TUWCOWA  fCf  .  ^ex 

llBHLN-tSO-Vc.  MWEStoN  BETTER.  THAN  INTEfluAM  IN  AjLIN 

Via  CRMES  MISVBUE  THRO  >®3°  A  . 


Sample  Code  ;  9030- I9A 

Construction  ••  .i»"ueiojutei.- .izoiiz-  .iis'kl-  .o?otiz-,i86tt- 

.o^o'iiz-  ,owh%-cm  AcMUC 

Thickness  ••  .1S3  Areal  Density  :5S7  ib./ft1  Panel  Wt.  ••24.0lb  . 

Eose  Section  =  0  S5PT  ALtfWNOn  RETAIN*  (L 

4  (D  .osokz.zr'Nome*  ihswct  (taper*©) 

^  _ _-t-pt= _  _C  \  (§)  .OZO*  1.7s*  Nomsx  STRAP  BONDED  W/-OW-.OVE  RTY  WTO 

>■>  :  1  :  "  ~  ~~~  ®  . . . . . 


N0K8K  OACKS 


(D  Aluminum  oushind 

(tfHlX  CMC** 


Results  on  5  -7  -73  @  60 *f  and  ^installation  an6le 
Shot  no. speed Birdwt  :  ikjc<»»C4.r ►) 

TX>PUV\  STTo,  PDC  1  *•  7 


Shot  no. •vmt-to  speed: iwe»\«>©>fK  birdwt  :  i« (.omCA-n.* 

(No A)  Tttun  STom  k  ' 

p.M  f.MM.  *1e  “  K-e-  •  41,  «u  W-VRS 

NEMARK5  ♦  *,  g|g 

QMt0LTU)0  Cfc  Of  TWtU  SotX  aim  p 

Fwrr^  ^  ^  s  EsSf 

^  Spc  mw  ^  teFflW^  C*U»  WJLOUWs 

°^*  '8  v  ^  \h  cmet_of  tw  vu  ^ 

PUc*  o(iw  ffr  f\iu  ,  ^  •  N3  PC  oAqcs  , 

bvsn^e  pftNec  suited  "tovowcm)  o(^>  fftec. 

Swf  itnsiie  c mvc^s  'vov  f^G^rT3oHev-  ^>uf  nasie  \kto  pc  . 

c\)6\e  PC  ?uts  ft"  (xuuc  xqp  t>ue  to  iNTerwusifvc. 

V?un\N6i  Of  \t vcegT'  i56 


Sample  Code  ;  9030-  !3A 

Construction  ••  .12s"  as-cast  Acsyuo-  .o^o’iti  -  .'26 "pc-  ,0*>'in- 

.l8ft"PO-.a6o‘UZ-  ,\«8"PC 

Thickness:.6m>"  Areal  Density  :  5.»i6./rr*  Panel  Wt.-.  aj*.e. 


Eose  Section, 

■  44S-,484 — I 


,544- 

.88^’ 


0  Son  Aummon  retainer 
0  .oso’Ai.zs'NoMetuwsew  (tapereo) 

0  .OlOK  1.7s’  NoMKX  3TRAR  tONOCD  W/~#» *-.0rS  KTY  6*0 

0  .02o\i.oo*  - . 

©  Aluminum  euskino 

PC.  PMSVsfes^RETWWeE 


*1 


\s\ 


/  uJJ 


'PcSHEAt 

iM  UU6 
lX>/  ftOATM^ 
KY 

CIPCXS 
in  mo. 
■*A>c 


(pwnt) 


(BEAR-) 


Results  on  5  -7  -75  @  <&>  *F  and  25°installation  an6le 

SHOTNO.--  WT-XI  SPEED:^^  BlRDWT.  :|859w. 

^•V'  ftrtKu  8U»  KE.  :  4B,t4i  W-i« 

Remarks  ••  «  514  kt 

%m>  psiettm .  k,  WTO  HA  (WT-R)  cental  isWn  or  TO  EDee 

S**®-  iHWOft.-JE  WteW.  WAS  NOT  t£M«Vep  fcoTONLY  U4d 

6wm  TWt  \twer  mer .  te  sum  tv-  Paso  Lte  A  funnel 
'Mmrxmc  tesuie  Down  usto  TOE  bd®.  AMD  Pn^uel  ^  -oe  fmnf 
p^w&  Tus  SWENteo  $’{  YiCPc  edge.  pues  ow  kloh&  tv»e  mn& 

Cx*0&  IN  RU.  8  VUES  OF  ®pcwft  TOTO6RTON  THVM^VL 
UTO£  OKEU/NSiE-  DtFref£V\CE  tFFBST  OF  E06e 

paNF&ecencwT  viesie  and  Vn  f|-a. 


Sample  Code  :  9030- 17 B  „  , 

Construction  •  .us' as-cast  acetul-  .w  hz-  .us  pc  -  ,050  iiz- 

.otoTiz.-  .iss'pe 

Thickness  Areal  Density  rS.SS^/rr1  PahelWt.--Z2.9l6. 
SECTION  9  0  San  Aujmmon  mta»n*il 

,4Z^'  pi r-i-1 5 /P3  \  ©  .OSOX2.ZS*  NOME*  INSERT  (TAteWS©) 

1  *  ,  (  ‘  Mi - - —A  ^  , 

_ '  .j_  i..  _ _ _ __  _  -j  ©  .020  X  1.7s  Hon e*  TTWAP  tONOCO  w/-*0-.0«  KTV  tV) 

j  i  _ _ ~  [  @  .02o\2,00'  -  *  . 

TOP  mWNWp^f  *’  |  is  ‘  LZZZp  ©  incAo  ...  3 1, 


0  San  Aummun  mta»n*il 

©  .OSOX2.ZS*  NOME*  INSERT  (TAteWR©) 

©  .ozo'*  1.7s'  No*sx  7n»Af  toNoeo  w/~*o-.ois  Wv  svi 

©  .020*«.2,00'  -  *  . 

©  Aum^n.  ^  m  3/(t 


I  / 

Results  on  5  -  7  -73  @  70  *F  anp  23°installation  an6l* 
Shot  no.--  uir  22.  speed  ^ ^  Bird  wt.  :  l,l5T"  “0 

tN0-47  ftrtAu  :  861  ns  KE.  :  4e,«>4t 

Remarks  ••  »  •.  521  kt 

TISSUE  Tt\VJ  COLT  Wc\E0  f'MD  ‘(■’’sHEAfl  in  hid  V,6V  PlV 

Mwc  a-  2\  was  erne  On  to  eo&e  .  Wmur  wetnhhl  no 
of  et>se  ?u*s  ,  $ur,  \m  wqs  »ne ,  H(N£  Pc  ^ 

s&j«u>y  oMa.rn.HE  ww  4"  cut*.  \u  une  wrov  fuKviNc,  pW 
'N5BR  (£hepAD1<  WEU5 .  fiOKnUE,  TEj  C<LtofiD  p&  S«oWU  1  ’ 

fHU»6  RP  OP-  T™1  TO£RP>  |R  Hue  l »'  ECTOM  Of 
»0'  •  Vt  6  WMJSKV  TOCC  -\WS  <AX0T  RHb  V3K-ZO  WEte  1KTIN& 
fc&vx-s  wwt  THm  Ktoue  , 
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Sample  Cope  :  9050-20A 

Construction-  .uoheecoutEiE'  .v2oitz-  •  >o%  iit.- 

.(fft  \fl-- ,0(&  ACMUC. 

Thickness;. 7*3'  Areal  Density  -.ssi is./rr*  Panel  Wt.w.i  ls. 


Edge  Section  ; 


0  Swr  AumiN'»n  WTAIN6*. 

(Q  .Oia\2.ii'  Nome*  luuaw  (wew»o) 

(D  .020*  *  1.75*  Notisx  STRAP  Eon  PCD  w/rcfrj  .Oft  RTV 
@  .020\z.0O*  -  *  ...... 

<§)  Aluminum  sushino 


(  PBONT  ) 


(KAR.') 


I  f(UNT  /  *  ' 

Results  on  5  -7-73  @  (A  *F  and  ^'installation  an6l 
Shot  no.  --wr- »  speed  S??0  ^ birpwt.  ••  !6o6T^-98lJ 

(nos0  w  654  **  K.E.  .  44, *66 

Remarks  ••  «  ;  sos  kt 

w>  wr  .  Wo  agyoos  whrss  to  panel.  Wo 

Vc  Oackc,  .  Sw.  S0O5  imweo  MDN&  TO?  &VSe  Bur  na  Tissue 
tfoves .  taro  meD,  »s  tf*we ,  kt  s»mk.-twem> 

»>  OF  NXTUC  OTP  IW»Atp  KS  SPALL  .  Po5S16l£- W  JtZ  ' 
VtEPNLWCsN  NOV  COMPLETE  (.No  C6p\eNr)  1  ™^'JC 

VETnRnew  Euite  of  ~  -v.1'  tomnm>  Iufomu>  Like  iaa 
excm  oikectiovi  . 
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Sample  Code  ■  9030-  loB 

Construction  -  .|25*Avg\st  Ace-yuc  -  .ofe'iiz-  .125  Pc  -  .030112.- 

.ISS'PC  -  ,0»*U2-  .i8£"pc 

Thickness  ;.8efc  '  Areal  Density  :  53sii./rr*  Panel  Wt..z.4.blb. 


Edge  Section  = 

Ala-A&\ — 1  I  T 


•  86a -,878' 


wet. 


0  Soft  Aommun  MTaiwe*. 

(J)  ,OEO*x2.ZS’  NOHBXIHVtSX  (TATE**©) 

(D  .010 1 1.74'  No«6X  STRAP  BONDED  «/ -.WO*. Oft  WV  630 

®  oioxl.oo'  *  *  . 

(D  Aluminum  bushing 


RBSULT5  ON  5  -5  -73  @  70 *P  AND  23° INSTALLATION  AN6LE 

Shot  no.-wv-za  Speed :^*b.  tto^s  Bird wr. :  i85^»i •, 4.05  lb 
NO  fe  (  "m»KT  K  E.  :  +S,t13  Fr-L«s 

Remarks  ••  pebo  bovts  (sue am*  ?)  on  tot  kae  ^  tpMNK.  mw/tt) 

?>\M>  PENertfireD .  Ewue  top  Eo6e  snef^gj,  _  Cental  ihpmt 

DOKIO^  Of  wafe  fmii  of  W  HtVf  op  aws 

u>e  wiw  fiwc .  Pmujub  wot®  than  m  Iwr-tO  which 

IAW>  A  TETMNEIL  ON  TCP  EDQc  . 

Onc|  \  ctwww  w  tewaiei)  in  eoee  - 

STEM*.  ma  on  ei»e 


Sample  Cope  ••  9030-ZIB  ©  ,  ,  % 

Construction  o*8*Hetc#urefc*  .«*>  he  -  ,ns  ft-  .0*  m- 

,t88Ye.  - .  I  la  itz  -  ,085  Wccouute®  h 

Thickness -..Til"  Areal  Density  :5.«  ia./rrl  Panel Wt.Z4.5ls. 


Edse  section  : 


T-i  /A  -%r\  -» 


0  Son  Aummon  Wta»n*r. 

©  ,OSO'*.2.2t*  Hone*  INSERT  (TAftR»0) 

(D  .oio'*  1.75'  nomt*  ttrat  «0Noeo  w/~.*o‘-.etV  rtv  sso 
(5)  .020**1.00*  -  “  *  ..... 

®  Aum“~"  Bu4'"“a  HWM  wots 


Results  on  5  -8-73  @  13  *F  anp  ^“Installation  AN6i 

SH0TN0.-W-25  SPEEOsiSf?  £?!?  BlRDWT.  :  l6B04m;4.l5 1 
J  ,  ft**.'.  | MtWS  K  E.  ;  4l,<.56 

Remarks  pp&$  ws  ww>eueo  ec^  pJJ-  awond  .  ( a>  wt  i1?  to 

^  m  TaB|M*  '  ^  Tc  oc  w»«w  mhase 
Spna-  rm  few  paces  .  SVtox.  fton  \ndjnu>  Stuca  in  ftAn  i^m^ss 
vires  viwet>  yeencKiiij  f>E\yup  ^  et&£  0F 

l^(L\%NTKU^4|"  R|MR'|  sew)  CENTQL  Of  PANEL. 

PWSUflATE.  \"  V£SVW>V_  Ev)l£e  TyNfcU)  WtOALD  . 


Sample  Code  ••  9030 -ZOB 

Construction  •  .no*  Hercoutex-  •>'zo  '**•  * .  12s  pc  -  .09°  ire-- 

.IBS* Pc-  .CCJO'ia-  .OiO  RVGMT  M-7UC 
Thickness;. 783*  Areal  Density  :5.s7i»./rrt  PauelWt.'ZA.Blb. 
Edge  Section  : '  1  0  S»n  Aommun  retainer. 

-  .4^0— l  (D  .0*>k2.Z6*  NOME*  INVERT  (TAPttMO) 

(5)“^ ^  ~  \  ©  010 *  1.75*  Now*  strap  bonded  w/~.c»o-.ors  *rv  t*o 

!  ;  !  ~  I  g)  .otdxi.oo  . . 

l  '  1  ~~F  i  <5)  Aluminum  buskins 


x-.-- 


%  /.  \  A  Vi 

/'  A 

.  ?V> 


woti 


.A.  . 

'  1  [i^r 

r 

\  1 

/* 

if 

*  v' 

,3- 

/  >S  /f 

> 

'  xj  j\ 

• 

^  !  i  \  \ 

1 

-5U6flr 
NECKM» 
0 FUZ.^ 
DOAT1- 
ftTpUEX 

w 

iMttAy. 


(WONT)  ( EEAR**) 

Results  on  5 -8 -73  @  77*P  and  z^'installation  an6le 

Shot  no.  ■•  m-z<b  speed  ^  bird  wt.  :  leaqm  •  4.0  lb  . 

uV®.’  K.6.  :  4?.i5iV^s 

Remarks  »  ,  510  <r. 

o\s  uot  petcnzATt .  Ho  pMtvae  excm  cmcks  in  outdonu) 

NOhac  Due  ^  Hlty  fROK  *euDlN6y  ov^  .  V  U^UNhlM^ 

0|e-TKaH6  STUAP  ON  >(5  ?C  PLV  V^15  (\T  Cm^OF 

^  eDGie  > 

pC^HUC  .  \  ~  \  f~L  ^>V)lG6  ,  \U  HftyUhUtt  BUl^E 

We*  Viex  cu^ocs  crteHES)  lucm; y  (\nd  TW^JF  to  De 

Of  \VL  IMPefc.  Puex  OACXS  mw  (\CC0H?WUT\U6 
HiNoe  t>eu\H  ihrpou  (\s  ^\q\wki  — ?  tovnc 
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Sample  Code  ••  9030 -  19B  ^ 

Construction  •  .iio'Hbiouutei- .  bo  uz-  .tts’flc  -  .o^o’ib.  - 

,188'Pc-  .c^oTlft-  ,o6o’As-CAst  KPiuc 

Thickness  :  7M"  Areal  Density  -.tsj  lb/ft1  Panel  Wt.;24.1  lb. 
Ed6E  Section  :  ■'1s8v8u  n  ©  Soft  AumiNon  MTA'mbe. 


4GCr  .479 

<$“ 


©  Soft  AumiNon  Mtnm**. 

©  .oso’xrzs*  None*  ihvert  (taterih>) 

g)  .OZQnt  ITS’  NOM*X  7TRAF  BONDED  W/-#O-.0li  KTYMC 

©  .020**1.00*  “  *  . * 

(D  Aluminum  bushing 


RESULT5  ON  5  -8  -75  @  76  *F  AND  23 "INSTALLATION  AN6LE 

SHOTNO.-W-n  SPEED :p’S?uHDe.’87fmS  BlRDWT.  :|875<f»,4BLB. 
(NO.?)  505  KT  •  PltlM-’.  wspfs  K.E.  :  FT-1«J 

Remarks  ••  ahxl  w  /4-so  boos  au.  , 

B\*d  oto  not  penetrate  .  5a  ero  opp  top  ed<*e  .  l)o  wimse 
to  ewe  ANiw«ete  except  Nome*  cmchs  «t  bolt  Holes  As 

•SAWIN .  tlO  PC.  tfVCKS  0|L  OATtASe  . 

PLEX.  CWCWED  PS  USUAL  ,  BUT  NO  SPPu_  WWRTSOB/EIL . 
^PPtOXIMWfc  l"  BES'DUAL  SOL0E  WITH  SLIGHT  III  NECKING  i 
!/£©<  niNOE.  DElftl  AT  CXPtKS  IN  MAXIMUM  SUUaE  A EEft  . 
PPACriCPuY  IDENTICAL. TO  TO- B  (W \‘1C)  ■ 


Sample  Code  :  9030-17C 

Construction  ••  .i25As-CAsr  acayuc.  -  .0%'uz  - ,  tis'it.  -  ojoV- 

,186*PC-  .060" I II- 

Thickness;  Areal  Density  :5.58LB./rr‘  Panel  Wt.-24.3lb. 


Ed6e  Section*? 

.4^1-.44S~ n  I  \ 


.fitl -.870- 


Off  PR** 

tt>*lfcsr 


0  Son-  Aommun  retainer. 

©  .OSO'kI.Zr’HOME*  IHVWX  (taper*©) 

)  (U  .020' *  1.74’  nomsx  strap  bonded  w/~*o-.o n  *rv  tso 

($)  .020*12.00*  -  *  . 

<D  ALOKINUM  EUSHIN6 


(wont) 


(bear) 


*  m  » —  *  -  ■  r  ’f 

ReSULTS  ON  5  -  8 -73  @  78  *F  AND  23°lNSTALLATtON  AN6Lfc 

SH£« J:Wa S“D'S°w«  «»** 

(NO-lOJ  4S6KT»  FiNim.'.  8tt  Ml  K..E.  :  -4i,»Se  (fr-u*5 

Remarks  ••  Redo.  bo«s  (soft)  used  . 

6\U>  PENETRATE© .TCP  EDGE  SREAte©  . TvOO  MLTS  off  Fo,|,»p 

we  IBEC^ZA).  Extended  ft’H 

Iw^^tt^irSSL  WPEWL  *  aw  w  Bocr 

^  ^  <Ma«  *"**»*  ,N  u»e 
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Sample  Code  9030-21 A  . 

rnnwtutTlON  ■  Ott^fcKNUnTt-  .0*  UZ-  .Itsfc-  .<*>1 tL~ 

CONSTRUCTION  ^flatoue^* 

Thickness-.  .791"  ArealDensitt  :535i»./rrl  PanelWt.-26.5lb. 


Eost  5ECTION  : 


0  SORT  Aum'NOn  MTAvn**. 
d)  .OSO'x2.ifc*  NOME*  INSERT  (TMHW) 

(D  .QIQ*<  1.7s'  Nortsx  TTRAP  ROHDEO  %*/-*O-.0n  WV  S*> 

0  .020*1.00  - . 

(§)  Aluminum  bushing 

N«M6tf  CEASR&D 


i*V  /  l  ^  A 


vV\y  ’  -vr/ 


(V./  i  I;  -r  ^  \ 

life  %*iil 


m 


M' 


M  - 


(front)  ( KAPO 

Results  on 5  -8  -73  @  78  *F  **®  » 'installation  anele 

lNTt>4W£0  •  2£jQ 

ShOTMO.-\NT-29  speed  iftEUM  »  849  W>1  Bird  WT.  :  1814 am ;  4,00  lb. 
Ino.iO  OT  KT-t^h.-.  »«.*«  k.e.  :  |Mid  vt-uk 

Remarks  ••  fu-wr  ^  »«*  T 

6W>  0®  NOT  PENETRATE  .  P*r\ON  I  „j  UZ]Lm 

or  TOP  eo®  eEiWNEfi.  teMoeo  x  A  .*!  t--1 

LEAnANE  MODIFIED  I  RETAINER,  NWDN  <  - * 

H«  RETAINER.  PEEUNS  AND  ONts(  SU6WT  REPARATION  PROM  RTV  IN 
x  pukes,.  &  was  opp  nonstop  cose  (shewled  <£,  1* thread) 

•SPNjl  .  Inward  spau_  perforated  p«l  ewe*,  foam  piaded  i/amcRic/ 
■jewhd  panel,  i,  aommntAto)  ibeioO  (AsC-)  Panel  .  Vwznaes  stock  in 

WKNWlPs  .USR66ST  PNWCU5  s  .0(pV .166'V. .TSo’'.  lHW 

Lh  STRAP  OWNED  MONA 

<ro«>,  pc  indented  w  frame  wr  N«weR.  <M*ac  not  into  vc  . 


Sample  Code  :  14A 

Construction  ••  •itf',AscusT-Aa*^-..i2e*//z.-  .,i5« 

•Its"  PC-  -  .11©'*  llx-  .1X5“  P<t-  . \2o"  HZ  -  .  tzs-pc. 

Thicknes  s ;  U05  Areal  Density  ••  ^©‘ti&./rr*  Panel  Wt.  :28.s  lb 
Edse  section  :  I  T- 


_L 

•Jlo 

T 


1.105 


3CUPP  ffflM  8EH&IKK*  ftvtt.  fMhE 


IHPfcCT  - 
iuoo<ap 
cfc&acs  •■= 

ENPSiP 

OttfkWM. 


^  FRONT  )  (  REAR) 

Results  on  5  -9  -73  @  fel  *F  and  23 “installation  angle 
Shotno,W-30  SPEED^gr 

Remarks  .  ^  dffl  W  to 

'  ******  *K®Wi  ****  »OW*0  «*H 
'  ®f  '*•*  **  ^9WM4  oa  snuxarwmu  MnAoe . 
MJOmOHfu  Ctt£*W*  Cf  \HW*W>  Pc  PC/  OtD  OCCUA  DotiNA 
inpfct  ps  ■  ’  4  in  .  Cracks  uMtcw  de^llopeo  o\t>  stop 

^  1*2-  swfce  wmv  v/ev/  suCwt  ldcau  oelwi  . 


Bmms 

Up 


wm 

mm 


BBOKSm 


Sample  Code  ••  *3030 -I5A 

Construction  •  •m"^tftlr^a,',,wc-  .tz©'1  ut.-.iz.s"pc-  .120  n*. 

.  1 25 " Pc  -  .  1  id"  u**.  -  . t2  5 M  PC. -  .  1 2.©“ » iz -  .ti s w  s' mertHco 


.  1 25" vc - 
ACMUc . 


Thickness;  (.105  Areal  Density  :4.ef  it./rrt  Panel  Wr.-.  27  a  lb. 
Eose  Section  :  mmm  ~~r~ 


nos 


T 


(  FCONT  )  (REAR') 

Results  on  5  -73  @  65*p  anp  £*  °instaliation  angle 

SH0TN0..W-51  SPEED-.^  8*0  ^  BtRDWT.  :  1787^  ,55)4-13 
<N#  '^  H*0*.’.888(»5»SitKr  -  pt-hb 

Remarks  ••  teoc  nn  bmts  t*  ewe  . 

Biro  wo  not  pewerewfe .  No  stvauuNs  <*.  snuMWAL  owf\6&. 
Cwsite*AsiE  srdscttED  pcpyoc  spall  .  eualp  Pieces  • 
Awfoxittmee/  Bo*|b  of  6/a  off . 

Crx  bouts  REHai/eo  fton  to?  teose  Bor  no  effex  on 
PEWoUlANCe  Of  PAWLi.  . 


. . .  ^S3WWWjNW^.'»W>*‘»i>*>a^ 


Sample  Code  :  qo3i-iA 

Construction  -.  .osas-cast  poyuc-  ,o6o“itz- .  itspc.  -  .o'^o'Vj,. 

.188" pc 

THICKNES  5 :  .568"  AREAL  DENSITY  :  3 .U,  16,/pr*  PANEL  WT. :  \<L  LB.lo” 

Edse  Section  : 

i*  — ttt - gg5?  x 

•tel"  -wl  Vl 


-\e&?c  ^ 


pLfX'lfl 


CtfiCX  in 


pK 


(fsout)  (&AK) 

Results  on  5  -*)  -73  @  7VF  and  i s.z 'installation  ansl 

SHC«>!llS"Wr*31  SPE£DW*^5f«'  Birdwt. 

Remarks  ••  Pf£  saws  on  top  emc  .  ^  ^  •  4$,5S9  ft..,3s 

Siwion.  No  eoos  towveo  4  «o  a»tr  wte  dan  Le  **'  &mn^> 

,  **  r  **  ^6Wvi  •  N»  eesidoal  bulse 

WOOD  ZES\t>UM_  VISIBILITY 


Sample  Code  *.  9os 1-  zr\ 

Construction  •  m  acayuvc.  -  -  -n*  *p<l  - 

hi.-  .••t/Pc-  •  .oCo'ia-.a'o’Ab  acp-vuc 
,030*  .its’ 

Thickness;. -565 "  Areal  Density^  u./rr1  Panel  Wr.--  k..llb. 
CMt  sector  - MB||g  -1 


PL£X  OFF 


•  115  P«l. 

.  OCks  1 1  7- 


Results  on  5-7  -73  @  74  #F  and  13.2.  °installation  an6le 

SH0TK0.:U)T-33  SPEED:  BlRDWT.  :  n ST  Sms 

Rfmadwc  c  F'N,fii  *E-  :  Fr-‘-8s 

REMARKS  ••  Sopr  A£D£  **  **  ik,v 

Dio  oot  PeweTHA-TTC.  Ne.5iSR.l6PS  Snu>c.n**i.  VAMMC. 
**n‘  AeS-fMe.  PAc,wa  aasi  P/,,w  *6~EV«-  At  .**m. 

P»6«a  >K»nV«.o  Pi-Y.  %  AASyuc.  u**»nr  eoorw«L 

F<La*we\  TtHK  Vfi  Ac^yut  ?uy  S0oo«_o  BE  Fu W/a/c.  u>/  6T«AP  oA 

SFArCJEPk  ?Cke\^«C.'  iTtNi<a  I  NlTCUcs  (L_  t£»H  CJLo/VCrtfAWoT  ilfJC-S  SCMlC 
C.F4LC4CS  Foil/AECD  ’D«->Ain>»  Mo^nTT "1N4, 

P&ofk  e><SL-T3  OPjt  ©cTT  Ko  £F FWC-T. 

\NV.?Ngt  ¥toi*»f  Ti*rp  M~  0«s>7r©M  C0^«-. 

R.«t*vpl»/u_  \MiBiury  A»R®l  T>h*u  l-A  ^uiT-jz)  Wo  8£^s/ocja<- 


Sample  Code  ••  9o3i-  <3 

Construction  ••  -«s"^s  tAST  ftc*-1ue-‘  ~  'l2*  "P<L~ 


P<1. 


Thickness  •..see"  Areal  Density  :au>  ua./rrl  Panel  Wt.;  its  lb. 
Eose  Section  :  |  -™  - 


I  I  I 


.115  Pl£* 

.0<JD  U2.  #< 

•  12.6  PC- 
•C^O  tit 

•106  PC- 


Results  on  5-  ^-73  @  *f  anp  13.2.  "installation  angle 
Shot  speed: S25JSr?*wSw?  BlRDWT- : 

Final.:  SuR  Fps  K-E.  *.  ^>^13  tr  ^BS 

Remarks:  i**m 

oid  kot  peuerfUtre .  £'sj istJTwu^f  No  str.oc.tr.uac 
'DamacpE  T’o  VA Kt£k  DAAi/var  T“o  IMpAc-r  So/CeAc£"  ©iC 

VuT.  ^CCOIOD  “Pc/  ©F  UAMIMA-Tfi? 

As  tOD  Ic-vreEO  .  cukx-ljcajt  RefipjAL  i/ist^fwry  • 

£x*«ocv  Bcou»iO  f'OT  2>Y  /MfiAor. 


Sample  Code  ••  ^o3\-z& 

Construction  ••  -^s"  as  «A*r  **yuc-  -<*-■' -lzs"pc- •eso''"1 

•  1^5  "  Pt-  .  di-o'*  l/l  -  -eX-o"  A5  C^57“ 


Thickness;  W  Areal  Density  :  3.<*  u./rr*  Panel  Wt.--  il  lb.s"* 


(front)  (rear') 

Results  on  5  -9  -73  @  7i*F  and  ft.z® Installation  ansle 

Shot  mo.-- \MT-%  Speed-.^®  ns.  Bird  wr. :  ' 


SJtKTS  Tihw--.  6WF ft  l^.E  .  5o,e3T  Fr-l-85 

Remarks  ••  Sun-  flcoc.  sot.  oss>  . 

Siex)  did  not  PENmfite  .  Hd  edits  eerwtep .  Inwabd  acwuc 
cMan>  i&iemy  »r  no  $pau_  . 

No  fW.  COJ&JIQS:  DUE-  TO  WJEttAWte  PR1N6  BESWJlNg,  FEOH 

diatom^  fnlule. 

jEStDUAL  VtURViny  WORST  op  PCWA  CANOPy  PANEIS-  Su6KT 
VBMANS'CT  BOGINA. 
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Sample  Code  :  5031 -3A 

Construction  ••  .ogo'Xs-cast  acrtuc  t  .093'pc  (pusep)  -  ,o&o  uz  - 

,125'PC  -  .090*112  *  ,125*PC(0I650) 

Thickness;. 553"  Areal  Density  :3.46ib./rr*  Panel  Wt.;1«4  lb. 
Edse  Section  I  [  fused  f  I 


CftftXlHO/B  fc'Pc 


n 


Results  on  7  -9  -73  @  83  *f  and  az  ‘installation  ansi 

SHOTNO.-.WT-Sfe  SPBB05SS,:,jS5T  BlRDWT.  :  3.92  * 

Remarks  -.  **’*’•  4J?kt  k'E-  :42'87sfmb 

6im>  wo  not  penetrate  .  OureoAw  poseo  pq  <**<*&>  m  a 

5KJ1;  TJ'T-  ***- K,Hex  <“*•*  «r  top 

C6WW..  CtfCK  (ffc  SMflWH-)  IN  OUTWWtp  .12&V  PLV  crnxjL 

IT  SVW  606EIN  CEwr«L.  fC  ^  SHWHN 

OCtSJ  C0WN6,  OAlBO  WINS  IMPACT  PS  k  USUN.  but  tHeOj= 
W«0  MO  WTENOAW  0AMA6C  TO  Ik«o«U>  .tufc  Vv  * 


Sample  Code  :  9031*4A  . 

Construction  •  .085'heroiutex-  .060* ii2  -  .i88'pc  -  .060 112,  - 

.085*rtwawTEi 

Thickness;. 478"  Areal  Density  ;4.M  iB./rr*  Panel  Wr.-t&fc  lb. 


Results  on  7  -io-75  @  82  *F  and  IV2  "installation  an6le 


Shot  N0.;W-*7  speed  Birdwt.  ;  4-. O'!- ib 

Vi£un  • 

actom.- 8$8?9s  K.E.  •  4*), 481  fT-Ls 

Remarks  •  «  --  526  kt 

6lEJD  D\T>  WOT  PSHETfcATE  .  ^0  5TUW0WJL  PKhAlSE  TO  StftS 


^mwHEKn .  Pmel  h<\s  -v  »/*;'  ^ssvduku  souas  tovomld  */o  anp 

OVS^AU-  V  5/V*  .  SfMU  APPEALS  TP  VMSVS  &6EM  COHPAIUWJS 

TP  V»fa  WTS.  Vk  pESlOOKL  VtSl&lUTY.  It  \5  \U?0S*»8l£  TP 
PETSmH^  THE  CAKDVmV*  OF  THE  PC  Tl>f  WOSTHEtE  WAS 

HP  TEHCTATIOH  ,  IT  ASSvMEO  TP  S6  OFs  . 


Sample  Code  ••  9031- 5A 

Construction  .oso  cr-to  -  .owm-  .250" pc-  .030*112-  oso 

AS-CAST  ACfWLIC 

Thickness-.  .490"  Areal  Density  :  3.11  is/rr*  PanelWt.-.m-^  lb. 
Eose  Section  =  1  E - --=\ 


Sample  Cope  ••  $050-£5 

CONSTRUCTION  *9*  CWE  SECTION) 

Thickness  -. ,6za"  Areal  Density  :5.I6  ia./rr*  PanelWt.-M-Vlb. 


Edge  section 

U - f  l?'fe - 


1^6 - 

-L - 


—  tV* 


•  >  )m,  sm,  »-i  »kh 


«*»<*» 

^nt***6 


3530= 


1/6?^ 


CWO^ 


>ctfdC)  ikPMT  rr.  LOCATION 


V,r 


Li 


Results  on 7  -II  -75  *F  and  Z2.  Installation  ansle 

SHOT  MO.W-5®  SPEED  :p2u!!“'wS  BiroWT.  :  (74-7  «l  *3.8* 

Sib  Kt  *  B»AL  «,  «T7.  -  K..E.  :  45,38?  FT-L6 
Remarks  ••  Nt**  P’-am*  C*1)  W®  sp*  ttanwh  boos  wsep  . 

*  6tt»  D»  twr  pewnwre  •  to  awnuent  gaumS*  to  k,  wk.  Both 

HON6  VUES  OACKBP  as  SHOWN  AWE.  to  wxtuc  SPttL  PPPM 
INBOKUs  puWNSx  PCflSCTWN  .  CtKfc  IN  INBOWP  to*®*  AT  BEAM 
«S  9WWN  .teWVAuop  SECTION  <*  STRAP  SHOWS  THAT  CW*.  IS 
|H  ftfelNfOtCEHENT ,  NOT  <C  .  $U6W  toHfeK  TENSIU5  WIW6NIN6 

KT  soar  wives  neml  clack  •  .  _  ^ 

testes;  wes  not  atoho-ts  MMfe  «M>  Ml  effect-  no 

OF.VIWSETP  RJKtAlNOL .  fOUL  VU5  ANP  BUSHINGS  OK. . 


17!> 


Sample  Code  *.  9030-26 

Construction  ••  sketch  of  edge  section) 

Thickness  ;  ,828"  Areal  Density  5.16  ie./rr*  Panel  Wt.-^lb. 
Eo6E  Section  =  r  '%■ - !  . . 


Notts*  cfiM*  (»/b)’ 


■  )  B««,  Sill,  Fwd  Arch 


SAitte  IrtPAST  POIMT 
wr-  59 . 


bouse^  - — 

Results  on  7  -H  -73  @«-84  *F  and  22.  °installation  ansle 
«H0T»te/.WT-40awo«y:!1£-a  Bird wt\  :  174^0.830 

1^7  KT*  R^M— Ill  *  ppi  p  •  ci*  1  !> 

Remarks  ,  He*>  pea*  ftMD  SPS  T™10„  ^  W*“ 

4«  ■ 7  w 

mimiL'l ameo,^ V ewSms  ffi1*1 8uu3e 
9tt.  wSp?*  ^ lM  wn' 9£f£S  we««>w6  bed.  Korns  owo 
8ou^  i  e6tWNBii.oi4. .  £11/^30  adhesion  ok  Tueoi^ttocr 

JJJ  UNe 

'  &Ut>  ho  DKUf\4£ 


hiL 


Sample.  Code  : 9030*27 
Construction  -  ( ewe  section) 


< 


v'  * 

A 


;Wi 


*  t « 

v. 


,  1 


Thickness  -..sm"  Areal  Density  :  5-ie>  is/pr1  Panel \Wt.-s4Hle. 
Edse  Section  = 


b.  *ft  Arch 


HNunwt 


cwcks  lk^p^ 


.OACK  M  ^>6 


°/&  PLf  EtnoVlEO 


^  pi&x Usr 


Results  on  7  -12—75  @~80  *f  and  ^'installation  ansle 

SHOTNO.  -UJT-4I  SPMD  -^J^.^^BlRDlWr.  :  4.13  L8 

.  _  ._T\J3K  **■  <».CiS  FT- 


>ue. 


i  «  704  KTS 

Remarks  « Ho.z  f^ne  ,$95 

5vu)  DIP  not  PENETILKtE .  UttajE  IESIDU&U  BUUSe  WITH  ACJ^UC 
*wus>  \h  iw..  6PL6e  was* .  6^  m  bean  ed 6a  mtvAtmr  akid 

VC  CiW^S  TOH  £D6£  SUENLUrtE:  VNfO  \/CS\0R  AKEA  IM  BCTtt  Va" i 37/4^ 
OUT^WU)  PCI  POUSP  MKi  mn  em*e<c  mohc  ualp  af 

A-  pennwur  ww  iupwd.mf  of 

p»EAn  (ias&  to  untr.  „ 

EXCEPT  LOOSE  LL  SEAM  5Ta£TIN6  ftf 

OfcNEE.  DTO  WwPfc$>  MLC&  . 


177 


■  ’gyre  -vr^-WrzF *?>  - 

'  >  a  iS'V^  '*• 


2  iiLt.vViSi 


Sample  Cope  ••  9030-23 
Construction  •  (  see  tD6t  section) 


Thickness ;jkb"  ArealDensity ••  5.i6 Ls/rr1  Panel  Wt. -.5^  lb. 


Results  on  7  -12-73  @~8s*F  and  22  “installation  an6le 
Shot  no.  wr- 42  Speed Bird  wr.  :ftp<fn  .4,R is. 

Remarks •.R«EMa.z)5Ps6oi.‘6%w'  KE-  :  87-321  "'«• 

OPENQ)  as  Is^nIL8^  5HEfteBp  m 

N3TOMMEUM6  .  tLEVEH  BOS  ^  „t’EELEt>, 

BENT  WWftt  UKK  FWUJte  \Si  sffiTff  tem**efc»»TS 

Sseml  UNes  in  penermcp  colnql  mnoi  1H  Ukmor 

Cwr  tw*  or  mu«e  c^wjt  be  cereuJeo.  2  pq'- 

™^a^-la>'SnUWe0  P»tesr  MVC33  Md^ao^  5^™ 

n\e  VC .  to  l&  Of  BEto  VONIPEfc  Otfcvoty£>  <v  3/fcv  ^ 

Ume  dnw&b  t&  Eeufcwe*  yv  of  pnmel.  . 


► 


Sample  Code  :2>OSO*24 

Construction  ••  «ow«/*»clw»>)-  -090  hz-  .1*  pc- 
,030’llZ-  .»«&  «.  -  090  HZ  -  .060  PLEXX  • 

Thickness ms"  Areal  Density  :  5.io  i*./rrt  Panel  Wt.-.^^b. 


tost  SECTION  : 

k-  •  I?  ife  -  M  ~— 


- *)f\Aep 


•  I  f*M.  till. 


5AHE  IMPACT  (blvir 
As  \ur-4--z. . 


Results  on7  -IS -75  @-8»  *F  and  zz “installation  am6le 
Shot  N0.-W-45  speed  Birdwt.  :  rjzaRm.j^jtg 

"^Sw  *E-  ••  4SOZI  FT- LB 

Remarks  No.z  *,  sps  Sours 

pehetua-hsd  .  fame  similar  to  o-z3  (wr-4.2.)  ftcruoue^ 

LESS  S^VEfcfr .  SECTION,  Of  THE  AST  AR.GH  EfTftlU&fL  (LEtTDVGD  AMD  601T5 

'W,iCr  *Lflwcf  OOi6ft.TD  THE.  $EAH  TUAN 

yac'Z*, .  Nt  miow  of  beau  eoae  oefiecreo  ojs  ^  3/g\ 

S8EA8.  fW  Ml)  PAMA6e  TO  PEHAlUpe*.  Op  VJlNMUEU)  t£%S  THAN  ‘>030-23. 
CWSETO  UNIT  .  mm>  PWSABL'/  PASS  WtTU  LESS  El&D  FRAttS 


Sample  Code  ••  9050-25  (2*  impact) 
Construction  ••  see  edge  section 


Thickness •.  &2fi"  Areal  Density  5.16  Panel  M7t.:  54% lb. 


ResULTS  ON  7  -14-73  @-65  *P  AND  21  0 INSTALLATION  AN6LE 


SHOT  NO. ■•'NT-44  SPEED :IHTENDK>-8sofes  BlROWr.  ••  404,  IB . 

K.E.  -.45,442  FT -LB 

Remarks  ••  Shot  in  module  ,  u  Wsn»L a(c-TO6  bous 

Msouie  (PtoH  WS60ES)  HAD  OTSueilUEHEO  Apt  t/H  Ami 


itSS  1!S  WT-4J  ,  ATO  US6 

\tfsoe  (<vi^(o  op  sl^d)  or  cewmAL.  Pofcncm  of  att  suu^eajd 

fw  11)  vkis  *iod  1UAR  mnt  $uv  SUIL  unxe  Dmi-cow  m  m<srizPtlly 

V*  fcmOR  H  6^sefb»  NtEM>  ,,  ™epc*u* 

^UJee  DU&T&  5W)3^  OF  3/lt  PC  PCf  IR  UH&  \WW  Q)$E;  OF  3U?W  AOstP 

tjjBtefiyeKT  T^vaiE  mms  of  l/s’  ppf  w  pc .  vs  seniRiscjewr  of 

w  Ftfcc  Pf^B-FPUi)P£^  WUOL.T&  FWOK ftolX  Wfllfi.  t£F$MWCU 

(.<*l\k&of  ^  m  ’/u^c  is  v»vu6  wft  v*j»k  seFone  <mm&. 


DAtfi'LE  CODE  :  °)030-3| 

CONSTRUCTION  '•  ,0io*PlEVrit/.l88  PC-  ,W0  111-  .|2s"pc-  ,(f)o'\YL- 

.I8avpc- <alo"|(2.-,0to"PtE<I. 

Thickmes5:,86!  '  Areal  Density  ;  ^U./pj-*  Panel  Wt.'.ss.  ls.z« 


o  01 

Results  on  8 -27-73  m>  zz  Installation  awsle 

SHOTNO.Wfl 

teMK!  ,  Era  teMMW  ■  ■  Rls  rJ  KE-  : 

Comet  kn  op  intact  point  Wmw>"  0«,  _ 

&TO  PC  PUSS  PWLfet)  MON6  ^  ^  f£NSIM,E  ■ 

IK®  .  iVfc  ,  PC  WO  NOT  ™  6N0  «*  ^ 

W\IKU  covKtep  PNb  'peu>et>  rons  ^  pc  <^u^tfSt,1l0Fl'  steJf 

™  sSS  ^iJOT!;sf,srs5j««wo! . 
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Sample.  Code  :  9050 -33 

CONSTRUCTION  '•  (3Ee  eDSesecnwi) 


Thickness:^"  Areal  Density  :5m  l&./ft1  Panel  Wt.;£  i.s  lb. 
Edse  Section  ;  j> - .l  ut. 

1  A‘A)  Vtv  -  -  Hwe.-  0 L  - 1,5  7. 

l” i«i>C  It  1  il  I  * 


■Tt  sttjp  in  inmcr  arj^a.  and 
fttcuNp  eoee , 


(0/6) 


O/B) 


Results  on  8  -18-73  @8&-io*P  and  ^'installation  ansi* 

Shot  NO.--WT-4-8  SPEED:  MEMWO-.BSOTK.  BlRDWT  :  I8IS^'400  IB 

fUEun  «S7*h>s  „  e  .  *  bt.  A  & 

dBu a .  f<ual s ^ a  570 kr *  . 


Remarks  * 


to  wow  penetlir  .  OonoMJD  fi*  comet)  w  No  oosesvAftP 
waw*  Of  siurnm,  K  PUES.  Timnui  Stmt  tenr  uLt? 

WNA  Wiaxw  6W  NO  SUEAWnS .  NOHE*.  CWOED  ONtQL  STW  IN 
UNE  WUl  END  «•  lEDQE  .  DefWHWr&N  Of  K.  UNWfc.  NOME*  rtjw  ’ru,- 

NPmwte.  NWEWU5  "snesowr*  oauc,  in  insoam,  ombx.  in  mea 

Cff  V\M-,  ^f\£CT>QH. 


Sample.  Code 

Construction  •  .oto'touL/.os’pc-  .oVul-  ,i8«"pc-  ,ooo*k^-  .  iS©" 

pc  -  oto'\i~L- ,  060  Pick I. 

Thickness;, ati "  Areal  Density  ^Hd/h-1  Panel  Wr.-.  sG  lb. 
Edse  Section  :  I _ - LX  - 

"*  ivec  =  0,7  - 1, 1  % 


/r  ■■ 


CO/B) 


(J/6) 


Results  on  g  -23-73  *p  and  tz  “installation  ansle 
SHOT  MO. BiRDWT.  i|Kty£«4lSUS. 

Remarks  ,  8i*d PeueW.'^u ‘ 6,SCT  KE’  : 

(aiu&l  ,  att  Of  impact  point  ,  suenzso  f\uo  ?ecnrrreD  Ts^ut 

P&UETfcftrt .  pc  PUBS  mi£\>  GoiNClDSiNT  \»TTU  ftHCH  SOf  rOfcr  UEDSB 

«u 0F  m  '/6  w  ft  <®w  »E«.  iw  v™  ^ 

tke^S&d?  l^‘*(ki3L!?ewlCAU  ^  W-A-7  O30-31)  Wtm  eSSCNTlMw' 
1UB  Pc  mu)«5  m  sjjtu  ,  Thb-  pc  pimhcd  pkx  tr^ 

SPEBL.  3WP  IrtMA  WKS  SP6LS6D  IN  E6NPI^  OV0LTH& 

PN^T-  ^  TO 


Sample  Code  ••  9031-34 

Construction  ••  .os&'ftexss  -  .oto'ui  -  ,i2s"t>c  -  .oy'ux-  ,12s  pc- 

,050  112.-  ,oto''fi£y.iL 


Thicknes  s  ;  ,Sjo"  Areal  Density  :  3-«%./pr*  Panel  Wt.-- 355  lb  . 


Shot  NO.--WT-5I  speed  *  1-^51  Biro  wr.  :i«?ow*-4.i3ib 

puftL  =  &opts=g>>Kr  KE  !  47,  fr-ie 

Remarks  ••  cse,  aura  n-»  ■,  p»  w«ai .  *  u 

6i»  did  not  PENem/tre .  Mo  v«t&  pc  dm«e  .  ck>teoaw>  pe(  of 

PlEH©  CftWSO  WW  OLCW  tIOIE  eenafePTHAN  CXPePCNCED  IWtm  PlE*!. 
Kb  Pl£*X  SPMJ-  Won  i|b  SUtfWs  jj  NO  CMOS  INTO  ,CB0'  Ifz.  . 

Good  tesiDiAL  vtasiur/ .  Mo  peuwemi  Bouse  aiL  depieoiok  . 

4  Kbnwc  .  CIWX  IN  OOTBOAM)  PC  pCf  Mm[B  At  Ceftp-  ftiOl  A3 
SUJ>\N  M  SfcgTCtt  Move- 


184 


Sample  Code 

Construction  •.  .oto'^xc  /  ,r£vp  c-  .oV'i^  - 

,\l^PC-  t030''UZ-  o^ptexx 

Thickness  :  "  Areal  Density  :*  ^Hb./ptx  Panel  Wt.^^sls. 

Edse  Section  •  r t — -, - —  ^-">-iiJL  ru-.. 


(A -A") 


— »  0>3  iq 

-in  >ii  *c 


Results  on  8  -31  -73  @  ^75*F  anw  'installation  ams 

Shotko.-.  WT-a  speed-. ?gg»-|®«B«Dwr.  :«*>/►  H<1 

Remarks  •  pNN-  *  I ist  fi>3 

KEMARKS.  „  =C,8W*«PWMM  U 

peNETEWE .  She  iHtwr  PT  m  WT-Si  .  f&C  *m . 
Uv^eEjESiDWL  soise  mmxv  ^  4-'  ®=wnd  ih^ct  imt=r  Soha  Pls* 
&U)W  efp  in  tUlfeD  MCA  UKE  tttett  SlEEP  WMaNHC^S'  Ldk  It 

trswrr  ,Kms » «-  «»«.  ««S? : 


Sample  Code  :  9050-37 
Construction  ••  sec  eoae  section 


Thickness:. 9a"  Areal  Density  =5.75  u>./st1  Panel  Wr  ••  61  lb. 


(0/B) 


0/B) 


Results  on 5  -^-75  @  85  *P  and  22  "installation  ansle 
ShotKO.'-wt-s  SPEEO:^^  ^  bird wr.  =1851^,4.08 L6 

F'NN,  ■■  511  R>5  --514  CT  K.E .  :  4% ,056  pr)LB 

Remarks  ••  Anai hod. not  moled  .  totstet  Hi-u*,  pp^im  s/,> ,  ,  ,  „ 
(sm.)  added  at  eud  *iM  Mod  '  /+  ftM6LE 

&K-D  DID  Nor  PENEWJE  Wo  APPARENT  0M1A6C  TO  pc  STPOcpJAAu  DUES 

ThPIOvL  TCAdUecS  Of  0/B  W£>  \/B  FfCE-s  .  EKVDUDL  DEPt&CrlOM  SKI  mtfCT  MSA 

Htowun  at  Wn^/pus*  iweepwe.  «  (smm.  torm*  . 

-[wo  Pets  wsn  «nl  fa  asuwd .  G^teMBiEfc  oaoMKnoN  osw.  mlh  ftMK 
W  no  wujpe.  (Good  pwe&on  w  t/6  pn  to  To  w.)  tae  pc  Def<jwMi<iN  <wc£  akh 
HANOT  CDSCTWW  8050-6t  (VK--S4)  .  LtS5  "srFESO-COH-'cPA^NA  Of  i|b  Notify 
TTPN  VNT-S4-  OL  W- «  .  tlW&Nlt  BV<30  fWESION  To  DEsAWEL. . 


186 


OA1  '  L  -  9030-36 

COria  i  i t  iOM  •  stt  CDGE  8CCTIQM 


THiCSUicS5:.8i3  Areal DcHSiTY  :5.\6  lo./ft1  Panel  Wt.**  54, 7  lb. 
EDSu  SECTION!  :  - ^  ,  ,  T  ,y 

- L> - rh-,  71^, 

[..'»•*  ....  -  ;.^r  Wfce  -  1/0 


•  o"'nt>  1 


Wjmgh 


UJ 


awu_ 


(0/8) 


O/B) 


”RESUUiS  ON  9-17-73  @  80  *F  AND  22.  'INSTALLATION  AKiUj 
Shot  no.; w-54  Speed Birdwt.  i* 

Remarks  ••  Hwjh>  m\  ^E(9  m 

BRO  DIO  wsr  FEWSRATC  .  MWTCKr  PC  WnAfe  .  Horn  DBRIMOTOW  rf 

T,  WPon-  ^  ^  W-B .  tew*.  o.  wifttr  w  17“" 

"W*  UNK. .  ■«»(«*£■  (UeXSmZjZ  £  V*“- 

w»«r  N®A.  tame*,  tororo  4  r^llU„?  “*  ^ey  IN 

^GWBBfcAUB  «*««U«A£^ 

'H  r,VfCT  U)mi  ClArW  uHf^  ^  WUlE\  AjfCH  flAnCMQT)  ^ 

^  S.  CBMH*®SI  u«e  I? 


Sample  Code  ••  <50'5l-4\ 

CONSTRUCTION  '•  SKEW*  SECTION 


Thickness  :.S5s*  Areal  Density  lb./pt1.  Panel  Wt.:3(,.U.8. 

r.OfeO'pLEXI  .  _ 

EOSE  SECTION  :  (  .j. - d  LT.'80.5^0 


'CJZJ^ClNHlepC 


C?KJMVl  N«#v£  pc.  {- »•)  0L 


MS  _t_  *  —  /' 

ia,pc^x  \A*7o 

UsTc  it 

a«r7 ‘i0* _ — 


RE5ULT5  ON  10 -10 -73  @-.S0  *F  ANP 


Installation  ansl= 


SHOTNO.'-W-SS  speed  Bird WT.  =4.10  us 

o  nr  ,u  5»W  Kjt-  :  K  tB  (T 

Remarks  ••  P&  Insert  (lvl  itst).  ^ 

to  DVD  WX  PEHWeATE  .  0*SU>«ftt£  ^  ^ 

WtF*»  W*u&  m  is  Gout  w  S604VU  PIKES  mb  hidd^c  PC  tot  15  ' 

cw«a>  md  venkwied  .Itee  vs  iv  9\m$ ,  vwesolml  Bust  in  uU 
wvw  TWe  WWPte)  NttA  ,T\e  \[s  VC  VLVS  otto  coming,  MS  HMV  SMML. 
UACKS  tev.WEO  TO  THE  |rt{NT  SOWN  «0C  TWS  RtvS  U«T  CAOSeD  MT 
FAvvutE  op  Tue.  vc .  Sjouv  Vc  srocw-bl  Vues  do  hmc  uaos  owcinkuns 
w  the  bcm  etas  oos&td  the  mmvhuh  suite  . 


>!•] 


lOnstkuctioh  •.  see  cose stcoon 


Thicumbss  ;  ,4oo  Areal  Density  PaxelWt.--is.8ls. 

Edse  Section  :„4, -  ■  r8*”  ,T 

!;  1  I!  as-re\~T  HAEE  =  [Xjo 

B ;  1 ; 


(i/B)  VflU£<>oePC*S 

Results  om  10 -10-73  @-85  *f  asd 


(O/B) 


Installation  ansls 


Shot  ho.-W-sC  speed = Birdwt.  :18267b*-- 403  lb, 

c5oo  kl  K.£.  5  44,48ft 

Remarks  -.Ohs^  KtDc  mo\  ( n?wenti>(  m  \Mm>  itsr) 

^\tO  NG\;  VftHETme  .  teWL  B0U3£  ^  Mf^MVM  . 

Ouftow  ^  tAf^(  -ytK&)  c WPo  wsm  v&  s\6jkubcakt 

(WW  W&\N6 .  \W8oWU>  SWftU>S  CSV  feo  BUT  NO  9C*'fWn/££ 

Vc  s&tuowm-  Vues  wwe  ^osrhwa>  ^one  owi*=e  rs  srqdu  (K1 

ivc  Kwe  .The:  \uwm>  m  fttso  comf^  aKjcm  *$ 


Sample  Code  *.9031-47- 
Construction  •  eDfe  ^oiom 


Thickness ••  .(#"  Areal  Density  :4.om/Frl  PanelWt.-.2?4lb. 

_  __  ,  j==£==if»'tt  LT>“W.0% 

ED5E  SECTION! — rh - tZZZlCjj.  ..«/ 


pC&WE  TT 


f/(5  PLE^ 
PC 


rtoii>’>*  aAf 
/OH  Cip 


t-FT  »  ^  u,‘A 

ij  i 


iZS'PC  f 

09=~"Z  j 
_ Cf*.  j 

T-060  pum  aso'm 


•Wiiowvi 

INWARD 


OACX  IM  0(B  J 

t^Pt  pc^  one/ 


0/B) 


(O/B) 


^  #  / 

Results  on|o  -it  -73  @  *  *F  M>  Vtoui^NSTALLATioN  ansl 

SHOT  NO.  *•  NT'S!  SPEED:'^^;®^  BlRDWT.  :\74iffK 

flNW- '  $77.T^  v  _  /\ 

o  -51CKT  R*NEX^06H(-.) 

Remarks  •  j  H&onped  in  pp6-fwwep  wmcu  (  shiest  om  hwck) 

*  ete  '  to  ,  4 Xx  \i'  f  lAf 

OR  INTC (ifiWN  lNMt$,f&\L*E  S  IH  Ufe  \MtTK  AND  ^INPjmS 
^  III  -  5°F  ’  WVCJNVUS  m  TUB  PC*  .  to  UNO  9  OACXS 

r»L’ ,  t44°f  wnt«*  °f  HP  nil  me  q  -we  cen**_ 

l/B  50lrf\C£  T^r  Rf  -  ST  , 

%  AHBtW  'tio  f  i  _ j  T\te  SAWt  ANDlXre  Of  TtH^WlON  \S 
toe  «v  Ok&ckof  \teNmv_To  vm  ocopcso  o\xun& 

tSSfinsN  SB^ALEDMV^  1  W^iAn  A  Vi\ND^\El^  |Nfc5 
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Sample  Code  *•  ^ 

Const ?mcx \ o u  ••  Se.  e&s&  section 


THiCivN£SS *. .400*  Areal Density  ; lb./pt*  PanelWt.s^lb. 

|l  *  4\  -oto'pisCT  ,nc'n2  U\»SW4r/o  (CQfQffl)) 

Eose  Section  :, — 1 , -  3jfc±j= — .  *  ^  - 13% 
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RC5ULT5  ON  10  -11.-73  @  *  #F  ANP  HOWUrlNSTALLATlON  ANSL 
Shot  ho.-- wr-58  speed •-  Biro  wt.  :  is&tt 


SHOT  NO.’-  WI-EO  SPEED:  ^  BIRD  WT.  : 

„  ~  .  »  -szdW-  Kinetic.  Ener&v/  ,  J 

Remarks  ••  i  to  h&ktomed 

•*  $  '•  -3lt  ftp©  srt3T ,  to  Pi* .  m  Tenre^Avwe  eucwsoRe 

x.  o|r  5owc6.--  wr  fUwt  tturiv*  cmor| .  Ho  puj&  ov- 

».  0|B  */L  •  P“T  (Jgu  CMT  guv  TWO  CdfCKS  CftrtfUSTCO/ 

4.  ifo  \/u  AUSUJO*  StfKfe  TISSUE  WnA 

5.  16  StftfKfc  ^43T  \)^VEaaCiU  -T^SE  CRAOCS  CTOUATt  ftflM  TWE  6fe>  STOVCE  , 

/  '  MS4t  '  Tmm  zsfp  ctocutt; 

u  tiu  ^  ^cp5^>  ®t  o?  m  \|b  k  to) .  Tess 

:  WLieMPS  ww  ^e-  \*mtWE*lr  Of  CJWCKS  WfWlNA  ?W 

9ottm\on^QL  (  ^Lovfr  vuss. 

OrtEU  CEM>  T^i 

vianxei.  cw\tt\  191 


SAKPL.fi  CODE  :  9050  -38 

Construction  •  'See  ease.  section 


Thickness  ;  .6®'  Areal  Density  :49?  is./pr*  Panel  Wt.  ■•53;iVLe . 

—  t\c  a "p1  ^  X  ^ 

EDSE  SECTIO;  i  bV  f  ,  |  LX »  71.5  % 

:  :  '  - H  H  HW5*».Ooi 

1  *,  PC  I  |  *1  / 

r  a*  .  -C — --T— - — _  _  «! ■  / 


ED6£  SECTION  •  F^=== 

h.t*S4W>  •**»**»  I  IW»  ,  q^0i|2^ 


1 

1 

L 

•1 

r^vivv.-rva 

ooo  r-1 

O/Bpc  pushed 
pfcrTt  (N^m; 


-Tcz  =P^=r~ 

>!■  -OOOPUXZ 


VV 


1  .  ( w  f*crt  «tioi|Q 

W*6*  t  yte  6fcAe*s 


« 


(0/6) 


O/B) 


Results  onio  -25-73  @v8o*f  and  27  “Installation  aksls 
Shot  mo.-w-s?  speed  :55ST^5f55  Bifid  wt.  :4.o£lb* 

a.,,.  '458W  K.E.  '•  37,507 friB  (j 

Remarks  «  &u>  reNeim®.  New  inowumi  lNBwfto-, 

?w  BU)\m  in  ^  ujm\  ft£V\ous  lesro  on  wfe  wrm 

KW««L  <««(.  . J  W-fl.  ■  „) .  tStog  ST-KW 

£**  IN  SRC  0?  VOt  «E*#*L  ,TWWW  smfWLB  M>  UWQL  ft*  JWcT 
f*w  too  sostANED  m  BfWe  Of  p,u_  m3  module  ^  TSERe  J TAv' 
op,  IN  THE  HWNTINS,  FlAN&C  (WTO  ?LM«£  ftlv>  (ZENTOUCM&gT  «c  R^eo 
*3°  \]&*\CKU  TUWfe  t>\fcECfti(  SCWND  tUPPCC  fSR^O, 

vwm  W(mz>  p*e  xmvxx  to  im  .T«&  e^nd^d  esse 

www&i  Dfrou  \jjeee  o^ovjem)  \mw=r . 
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APPENDIX  2 


The  following  appendix  contains  deflection  data  for  those  shots  WT-1 
through  WT-38  in  Task  I  where  readings  were  possible.  The  information 
was  generated  by  Arnold  Engineering  Development  Center  and  is  included 
at  the  request  of  Captain  D.  C.  Chapin. 
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APPENDIX  3 


Three  bird  impact  tests  were  conducted  during  Task  II  which  received 
WT  numbers  but  were  accomplished  by  the  Air  Force  to  supplement  the 
efforts  of  PPG  INDUSTRIES  under  Contract  F33615-73-C-3099 .  All  three 
were  conducted  on  windshields  produced  by  PPG  in  November  1972  and 
were  similar  to  those  tested  in  the  FM  Series^  0f  module  impacts. 

The  Table  summarizes  the  shots  and  a  sketch  of  the  panel  from  WT-45 
and  -46  follows. 


TABLE  XXIV  -  AIR  FORCE-SPONSORED  BIRD  IMPACTS 


Test  No.  Mounting  Conditions 


Impact  Results 


Remarks 


WT-45 


WT-46 


if 2  Test  Frame 


9 2  Test  Frame 


OK  @  497  KT 


LCOS  caused  no  failure 
of  I/B  ply.  Combining 
glass  destroyed. 


Failed  @  708  KT  Same  panel  as  WT-45. 

Compare  with  WT-41 
Impact  in  forward  beam 
corner.  Fracture  as 
shown. 


WT-50  Module  with 

Interim  Fitting 


Failed  @  529  KT  Comparison  with  FM-2 
shows  effect  of  Teh 
reinforcement . 


l^E.  j.  Sanders,  "Investigation  of  the  Effects  of  Bird  Impacts  on  the 
F-lll  Crew  Module,"  LTR-AEDC-VKF-ASA-1-73,  March  1973. 


I  4PACT  POINT  / 

FOR  WT  -45  — ' 

IMPRINT  OF  COMBINING 
GLASS  SUPFORT,  LH  — 


IMPRINT  FROM  LCOS 
CASE,  LH  F WO  CORNER 


SHEAR  LINE  ALONG  BEAM 


FAILURE  THROUGH  BOLT  HOLES 


FIGURE  53.  IMPACT  RESULTS  FOR  WT  45  8  46 


